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WEEKLY  EVENING  MEETING, 

Friday,  January  17,  1903. 

Ell  Oiiik€K  turn  Duke  of  NoRtHUMBEttLAND,  K.G.  D.O.L. 
President,  in  the  01tatt> 

Turn.  RiGBT  Hon,  Lobd  Ratlek^b,  M.A.  B.O.L.  LL.D.  ScD. 
F:R.8.  MM.L,  ProfusBOt  of  Natural  PhiloBophy,  E.I. 

Interferenee  of  Sound. 

Fob  the  pnrposeti  of  labonttory  or  lecture  experim^tits  it  is  oon- 
Teoient  to  use  a  pitch  so  high  that  the  fioimds  are  nearly  or  altogether 
iuAiid  ible.  The  wave  leaj^tha  ( 1  to  3  cm,)  aire  then  tolerably  small, 
ftcd  it  becomes  posaible  to  iimtatc  muuy  lEtLTostiEig  optical  pheno* 
meiut*  The  ear  as  the  percipient  is  replaced  by  thB  hi^h  presaura 
senmtive  Bame,  Id  trod  need  for  this  purpose  by  Tyudall,  with  the 
adfmotage  that  the  effocbs  are  visible  to  a  large  audieace, 

Ai  a  source  of  ^ound  a  *^  bird-call"  ib  usually  conTenieut.  A 
ilreaiu  of  air  from  a  circular  hole  in  a  thin  plato  Impinges  centrically 
Qpan  a  similar  hole  in  a  parallel  plate  held  at  a  little  difitance. 
Bird-calls  are  very  easily  inade.  The  firet  plate,  of  1  or  2  cm.  in 
diameter^  is  cemented,  or  soldered,  to  the  end  of  a  shur t  supply-tube. 
The  B^ooud  plate  may  conveniently  be  made  trinngtilar,  the  turned 
down  comere  being  soldered  to  the  firet  plate.     Fi>r  calla  of  medium 

rtch  the  holes  may  be  made  in  tin  plate.  Tliey  may  be  as  small  as 
mm,  in  diameter,  and  the  distauee  betyreen  them  as  little  as  1  mm. 
Id  any  case  the  edges  of  the  holes  shonld  be  Eharp  and  clean. 
There  is  no  dilEcuUy  in  obtdiniug  wave-Jengths  (complete^  as  low 
am  1  em.,  and  with  care  wave-lengtbs  of  *  6  cm.  may  be  reach e<l,  cor- 
nspcindiog  to  about  50,000  Tibrations  per  second.  In  DiperimentiDg 
apcm  miaiinnm  wave-lcugtbf*,  the  distance  between  the  call  and  the 
iaoie  sbonld  not  eicecil  50  cm.,  and  the  tiame  should  be  adjusted  to 
Ike  veirge  of  flaring.*  As  most  bird-calls  are  very  dependent  upon 
th0  pceeiae  pressure  of  the  wind,  a  manometer  in  immediate  connee- 
tioii  is  pmctically  a  necessity.  The  pressure,  originally  somewhat 
tci  ©xc^as,  may  be  controlled  by  a  screw  pineh-cook  operating  on  a 
rubU^r  oonneetiug  tube. 

In  the  experi mints  with  conical  boms  or  trumpets,  it  is  impor- 
taal  tli^t  no  soimd  should  is^ue  except  through  these  channels.  The 
faofUS  tnd  in  short  lengths  of  brass  tubing  which  dt  tightly  to  a 
abort  l«Eigth  of  tubing  (A)  suldered  air-tight  on  the  face  of  the  front 
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plate  of  the  bird-oall.  So  far  there  is  no  difficulty  ;  but  if  the  spaoo 
between  the  plates  be  boxed  in  air-tight,  the  action  of  the  call  is  in- 
terfered withi  To  meet  this  objection  a  tin-plate  box  is  soldered 
air-tight  to  A,  and  is  staffed  with  cotton-wool  kept  in  position  by  a 
looaely  fitting  lid  at  0.  In  this  way  very  little  sonnd  can  escape 
except  throngh  the  tube  A,  and  yet  tilie  call  speaks  mnch  as  usual. 
The  manometer  is  connected  at  the  side  tube  D.  The  wind  is  best 
supplied  from  a  gas-holder. 

With  the  steadily  maintained  sound  of  the  bird-call  there  is  no 
difficulty  in  measuring  accorately  the  wave-lengths  by  the  method  of 
nodes  and  loops.  A  glass  plate  behind  the  flame,  and  mounted  so 
as  to  be  capable  of  sliding  backwards  and  forwards,  serves  as  reflect- 
ing walL    At  the  plate,  and  at  any  distance  from  it  measured  by  an 
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tfo^n* number  of  quarter  wave-lengths  there  are  nodes,  where  the 
flame  does  not  respond.  At  intermediate  distances,  equal  to  odd 
multiples  of  the  quarter  wave-length,  the  effect  upon  the  flame  is  a 
maximum.  For  the  present  purpose  it  is  best  to  use  nodes,  so  adjust- 
ing the  sensitiveness  of  the  flame  that  it  only  just  recovers  its  height 
at  the  minimum.  The  movement  of  the  screen  required  to  pass  over 
ten  intervals  from  minimum  to  minimum  may  be  measured,  and  gives 
at  once  the  length  of  five  complete  progressive  waves.  For  the  bird- 
call used  in  the  experiments  of  this  lecture  the  wave  length  is  2  cm. 
very  nearly. 

When  the  sound  whose  wave  length  is  required  is  not  maintained, 
the  application  of  the  method  is,  of  course,  more  difficult  Never- 
theless, results  of  oonsideiable  accuracy  may  be  arrived  at.  A  steel 
bar,  about  22  cm.  long,  was  so  mounted  as  to  be  struck  longitudinally 
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emy  two  or  three  seoondB  by  a  snudl  hammer.  Although  in  eyerj 
poniioii  ihe  flame  shows  some  uneasmees  at  the  stroke  of  the  hammer, 
the  disfcixiotion  of  loops  and  nodes  is  perfectly  evident,  and  the 
measorement  of  waye  length  can  be  effected  with  an  accuracy  of 
about  1  per  cent.  In  the  actual  experiment  the  wave  length  was 
Mtfly  3  cm. 

'Hie  formation  of  stationary  waves  with  nodes  and  loops  by  per- 
pendicular reflection  illustrates  interference  to  a  certain  extent,  but 
for  the  full  development  of  the  phenomenon  the  interfering  sounds 
■hould  be  traveUing  in  the  same,  or  nearly  the  same,  direction.    The 
next  example  illustrates  the  theory  of  Huyghens'  zones.    Between 
the  bird-call  and  the  flame  is  placed  a  glass  screen  perforated  with 
a  circular  hole.     The  size  of  the  hole,  the  distances,  and  the  wave 
length  are  so  related  to  one  another  that  the  aperture  just  includes 
the  first  and  second  zones.     The  operation  of  the  sounds  passing 
these  zones  is  antagonistic,  and  the  flame  shows  no  response  until  a 
part  of  the  aperture  is  blocked  offl    The  part  blocked  off  may  be 
either   the   central  circle   or  the  annular  region   defined   as  the 
secocd  zone.      In  either  case  the  flame  flares,  affording  complete 
proof  of  interference  of  the  parts  of  the  sound  transmitted  by  the 
aperture. 

From  a  practical  point  of  view  the  passage  of  sound  through 
apertures  in  walls  is  not  of  importance,  but  similar  considerations 
apply  to  its  issue  from  the  mouths  of  horns,  at  least  when  the  dia- 
meter of  the  mouth  exceeds  the  half  wave-length.  The  various  parts 
of  the  sound  are  approximately  in  the  same  phase  when  they  leave 
the  aperture,  but  the  effect  upon  an  observer  depends  upon  the  phases 
of  the  sounds,  not  as  they  leave,  but  as  they  arrive.  If  one  purt  has 
farther  to  go  than  another,  a  phase  discrepancy  sets  in.  To  a  point 
in  the  axis  of  the  horn,  supposed  to  be  directed  horizontally,  the  dis- 
tances to  be  travelled  are  the  same,  so  that  here  the  full  effect  is  pro- 
duced, but  in  oblique  directions  it  is  otherwise.  When  the  obliquity 
is  such  that  the  nearest  and  furthest  parts  of  the  mouth  differ  in 
distance  by  rather  more  than  one  complete  wave-length,  the  sound 
may  disappear  altogether  through  antagonism  of  equal  and  opposite 
effects.  In  practice  the  attainment  of  a  complete  silence  would  be 
interfered  with  by  reflections,  and  in  many  cases  by  a  composite 
character  of  sound,  viz.  by  the  simultaneous  occurrence  of  more  than 
one  wave-length. 

In  the  fog-signals  established  on  our  coasts  the  sound  of  powerful 
sirens  issues  from'  conical  horns  of  circular  cross-section.  The  in- 
fluence of  obliquity  is  usaally  very  marked.  When  the  sound  is 
observed  from  a  sufficient  distance  at  sea,  a  deviation  of  ev^n  20** 
from  the  axial  line  entails  a  considerable  loss,  to  be  further  increased 
as  the  deviation  rises  to  40°  or  60°.  The  difficulty  thence  arising  is 
met,  in  the  practice  of  the  Trinity  House,  by  the  use  of  two  distinct 
sirens  and  horns,  the  axes  of  the  latter  being  inclined  to  one  another 
at  120°.     In  this  way  an  arc  of  180°  or  more  can  bo   efficiently 
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gnftTcioci,  but  a  more  equable  disiribation  of  the  sound  from  a  single 
om  remains  a  desideratum. 

Guidod  by  the  considerations  already  explained,  I  ventured  to 
recommend  to  the  Trinity  House  the  construction  of  boms  of  novel 
design,  in  wbicb  an  attempt  should  be  made  to  spread  the  sound  out 
horizontally  oyer  the  sea,  and  to  prevent  so  much  of  it  from  being 
lost  in  an  upward  diiection.  The  solution  of  the  problem  is  found 
in  a  departure  from  the  usual  circular  section,  and  the  substitution 
of  an  elliptical  or  elongated  section,  of  which  the  short  diameter, 
placed  horizontally,  dues  not  exceed  the  half  wave-length ;  while  the 
long  diameter,  placed  veiticiiUy,  may  amount  to  two  wave-lengths  or 
more.  Obliquity  in  the  horizontal  plane  does  not  now  entail  much 
difference  of  phase,  but  when  the  horizontal  plane  is  departed  from 
such  differences  enter  rapidly. 

Hoi  ns  upon  this  principle  were  constructed  under  the  supervision 
of  Mr,  Matthews,  and  were  tried  in  the  course  of  the  recent  experi- 
ments off  St.  Catherine's.  The  results  were  considered  promising, 
but  want  of  time  and  the  numerous  obstacles  which  beset  large-scale 
operations  prevented  an  exhaustive  examination. 

On  a  laboratory  scale  there  is  no  difficulty  in  illustrating  the 
action  of  the  elliptical  horns.  They  may  be  made  of  thin  sheet 
brass.  In  one  case  tho  total  length  is  20  cm.,  while  the  dimensit^ns 
of  the  mouth  are  5  cm.  for  the  long  diameter  and  1^  cm.  for  the 
shorter  diameter.  The  horn  is  fitted  at  its  narrow  end  to  A  (Fig.  1), 
and  can  rotate  about  tho  common  horizontal  axis.  When  this  axis 
is  pointed  directly  at  the  fiame,  flaring  ensues ;  and  the  rotation  of 
the  horn  has  no  visible  effect.  If  now,  while  the  long  diameter  of 
the  section  remains  vertical,  the  axis  be  slewed  round  in  the  hori- 
zontal plane  until  the  obliquity  reaches  50^  or  60^  tbere  is  no  im- 
portant falling  off  in  the  response  of  the  flame.  But  if  at  obliquities 
exceeding  20°  or  80°  the  horn  is  rotated  through  a  right  angle,  so  as 
to  bring  the  long  diameter  horizontal,  the  flamo  recovers  as  if  the 
horn  had  ceased  sounding.  The  &ct  that  there  is  really  no  falling 
off  may  be  verified  with  the  aid  of  a  reflector,  by  which  the  sound 

Sroceeding  at  first  in  the  direction  of  the  axis  may  be  sent  towards 
16  flame. 

When  the  obliquity  is  60°  or  70°  it  is  of  great  interest  to  observe 
how  moderate  a  departure  from  the  vertical  adjustment  of  the  longer 
diameter  causes  a  cessation  of  effect.  The  influence  of  maladjust- 
ment is  shown  even  more  strikingly  in  the  case  of  a  larger  horn. 
According  to  theory  and  observation  a  serious  falling  off  commences 
when  the  tilt  is  such  that  the  difference  of  distances  from  the  flame 
of  the  two  extremities  of  the  long  diameter  reaches  the  half  wave 
length — in  this  case  1  cm.  It  is  thus  abundantly  proved  that  the 
sound  issuing  from  the  properly  adjusted  elliptical  cone  is  confined  to 
a  comparatively  narrow  belt  round  the  horizontal  plane  and  that  in 
this  ).lane  it  covers  efficiently  an  arc  of  150°  or  160°. 

Another  experiment,  very  easily  executed   with  the  apparatus 
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fttreftdy  described,  nioBl^rates  what  are  known  in  Opticst  as  Lloyd^s 
txrads.  These  hands  ftre  fiirmed  hj  the  iDterferenou  of  the  direat 
Tibr&tioti  with  its  verj  oblique  reflection*  If  the  bird-call  ia  pointed 
toward  thd  flftme«  flftrlng  etifiues.  It  is  onlj  necessary  to  huld  a  luag 
hottrd  hort^ontatly  nndur  the  direct  Hno  to  obtain  a  refluotion.  The 
elect  depends  apoa  the  prcotoe  height  at  which  the  board  ia  held« 
In  Bomo  positions  the  direct  and  reflected  vibrations  co-operate  at  the 
fl«iiie  and  the  iartn^^  ia  more  proneaacod  than  when  the  bi^ard  is 
away*  In  otber  ptisitieQS  the  waves  are  antagonistic  and  the  8  a  me 
leceTers  aa  if  no  eonnd  wero  reaching  it  at  all.  This  experitnent 
wa«t  made  m&Dj  years  ago  by  Tyudall  who  instituted  it  ia  order  to 
explain  the  very  puzzling  pbenoratsnoa  of  the  *'  silent  are*/'  In 
liateaing  to  fog-signals  from  th^^sua  il  is  not  onfreqaontly  fuund  thtit 
the  sigiml  is  lost  at  a  distance  of  a  mile  or  two  and  recovored  at  a 
greater  distatice  in  tbe  same  direction.  During  the  recent  eiperi^ 
ments  the  Cummittecof  the  Elder  Brethren  of  the  Trinity  Huuso  had 
a&Tend  opport amities  of  making  this  obsBrvati'in.  That  the  nurface 
of  the  aea  mnst  act  in  the  mnuner  fiupposed  by  Tyndall  cannot  be 
doahted,  bat  there  are  two  difficnlties  in  the  way  of  accepting  the 
simple  explanation  as  complete.  According  to  it  the  interference 
Khonlii  always  be  the  same,  which  ts  certainly  not  the  case.  Usually 
tiiere  is  no  silent  area.  Agaitt,  although  acordiiig  to  the  analngy  of 
Ltey<]*a  bands  tliere  might  be  a  dark  or  silent  pLice  lit  a  p^rticolar 
baiijbt  aboTe  tbe  water,  mj  on  the  bridge  of  the  Iren^,  the  e&mt 
thTiaVd  be  Itmited  to  the  neighbimrhood  of  the  particulur  height.  At 
a  height  above  the  wn ter  twit^e  as  great,  or  near  the  v^ater  level  itsulf^ 
the  sun  lid  shot)  Id  be  heard  again.  In  tlio  latter  case  there  were  some 
ditfliculties,  iifising  from  disturbing  noises,  in  making  a  Batisf>ictory 
trial ;  but  as  a  matter  of  ftiut,  nidthor  by  an  ob^rver  up  the  maat  «ior 
by  one  ikoar  the  water  leTel,  was  a  sound  lost  on  the  bridge  ever 
i^O'iveredt 

Tbft  interference  bands  of  FresneVa  experiment  may  he  imitated 
by  a  bifurcation  of  the  stmnd  jseuiug  from  A  (Fig,  1).  For  this 
parf»oi<e  a  tiort  of  T-tube  is  fitted,  the  free  endtt  huing  provided  with 
■mail  elliptical  cones,  similar  to  that  already  depcribedj  whose  axes 
ire  parallel  liud  distant  from  amitbtr  by  al)i»ut  40  om«  The  wbole 
ia  e«)iistruoted  with  regard  tu  symmetry,  so  that  sonnda  of  equal  in- 
tanaity  and  uf  the  eu.i)ie  [>hase  issao  from  the  two  cones  whose  long 
dyitti«iera  are  vertical.  If  tbe  distancea  of  the  burner  from  the  months 
of  llie  oones  be  precisely  equal,  the  sounds  anive  in  the  smie  phaa© 
tad  the  flame  flares  vigorously.  If,  as  by  tfie  htind  held  betweeDi 
vm  of  the  sonnds  is  cnt  off,  the  flaring  te  redaoed,  sbowjpg  that  *ith 
this  adjustment  tie  two  sounds  are  mure  powerful  tban  one.  By  an 
almost  imperoeptille  isle  wing  round  of  the  apparatus  on  its  base- 
bfiftid  iht  adjoatment  above  spoken  of  is  npaet  and  the  flame  is  induced 
totoeofer  ttii  tall  eqnilibriuyi  condition.  The  sounds  now  reach  the 
iatte  in  eppoailion  uf  phase  and  [practically  neutralise  one  another. 
That  thta  u  ao  ia  provtd  in  a  moment*     If  the  hand  be  introduced 
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between  either  orifice  and  the  flame,  flaring  ensuee,  the  soTmd  not 
intercepted  being  free  to  produce  its  proper  effect. 

The  analog  J  with  FresneVs  bands  would  be  most  complete  if  we 
kept  the  sources  of  sound  at  rest  and  caused  the  burner  to  more 
transTeraely  ao  ae  to  occupy  in  succoBsion  places  of  maKimum  and 
minimum  efTcct  It  is  more  cunrenieDt  with  oar  apparatus  aad  comei 
to  tho  same  thing,  if  we  keep  the  burner  fixed  and  move  the  soorces 
trauBTersely,  eliding  the  base-board  without  rotation.  In  this  way 
we  may  verify  the  formula,  connecting  the  width  of  a  band  with  the 
wave-length  and  the  other  geometrical  data  of  the  eiperiment. 

The  phase  discrepancy  necessary  for  iaterforeuce  may  be  intro- 
duced, without  disturbing  the  equality  of  distanceSj  by  inserting  in 
tho  path  of  one  of  the  e^ounds  a  layer  of  g&a  baying  different  aoou- 
iticftl  properties  from  air.  In  the  lecture  carbonic  acid  was  employed* 
This  gas  IB  about  half  as  heavy  again  as  air,  bo  that  the  velocity  of 
Bouud  IB  less  in  the  proportion  of  1 :  1*^25.  If  f  be  the  tbtcknesB  of 
the  layer^  the  Tetardaiion  is  *25l;  and  if  this  be  equal  to  the  half 
wave-length,  the  interposition  of  the  layer  causeB  a  trauBition  from 
complete  agreement  to  complete  opposition  of  phase.  Two  cells  of 
tin  plate  were  employed,  fitted  with  tubes  above  and  below,  and  closed 
with  films  of  collfjdion.  The  films  most  convenient  for  this  purpose 
are  those  formed  upon  water  by  the  evaporation  of  a  few  drops  of  a 
solution  of  celluloid  in  pear-oil.  These  cells  were  placed  one  in  the 
path  of  each  sound,  and  the  distances  of  tbe  cones  adjuBtcd  to  maxi- 
mum flaring.  The  insertion  of  carbonic  acid  into  one  cell  quieted  the 
flame,  which  flared  again  when  the  second  cell  was  charged  so  as  to 
restore  symmetry.  Si  mi  la  t-  eflcctB  were  produced  as  the  gae  was 
allowed  to  run  out  at  the  lower  tubes,  so  as  to  be  replaced  by  air 
entering  above.* 

Many  vibrating  bodies  give  rise  to  sounds  which  are  powerful  in 
some  directions  but  fail  in  others — a  phenomenon  that  may  be  re- 
garded as  due  to  interference.  The  case  of  tuning  forks  (unmounted) 
is  well  known.  In  the  lecture  a  small  and  thick  wine-glass  was 
vibrated r  after  the  manner  of  a  bell,  with  the  aid  of  a  violin  bow. 
Whan  any  one  of  the  four  vibrating  BCgmeuts  was  presented  to  the 
flame,  flaring  ensued  ;  but  the  response  failed  when  the  glass  was  so 
held  at  the  same  distance  that  its  axi$  pointed  to  tho  flame.  In  this 
position  the  effects  of  adjacent  segmonts  neutralise  one  another  and 
the  aggregate  is  zero.  Another  example,  which,  strangely  enough, 
does  not  appear  to  have  been  noticed,  is  afforded  by  the  familiar  open 
organ  pipe.  The  vibrations  iasuiog  from  the  two  ends  are  in  the 
same  phase  as  they  start>  so  that  if  the  two  ends  are  equally  ilistant 
from  the  percipient^  the  effects  conspire.  If,  however,  the  pipe  be 
pointed  towards  the  percipient,  there  is  a  great  falling  off,  inasmuch 
as  the  length  of  the  pipe  approximates  to  the  half-wa?e  length  of 
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the  lomid.  Tbe  expenment  may  be  made  in  the  lectare-ioom  with 
the  leDdtiTe  flame  and  one  of  tiie  highest  pipes  of  an  organ,  bat  it 
mooBeds  better  and  is  more  striking  when  carried  out  in  tbe  open  air 
with  a  pipe  of  lower  pitch,  simply  listened  to  with  the  unaided  ear 
of  tbe  observer.  Wi^in  doors  reflections  complicate  all  experiments 
d  this  kind.  [B.] 


ki  the  concliiBion  of  the  discoorse  His  Grace  the  Ddki  of 
NoBTHUMBni.AND,  the  President,  unveiled  a  bust  by  the  late  Mr. 
Onslow  Ford  of  Sir  Frederick  Bramwell,  Bart.,  D.O.L.  LL.D. 
F.R.8.  M.  Inst.  C.E.,  formerly  Honorary  Secretary  of  the  Boyal  Insti- 
tntioD,and  formally  presented  it  to  the  members,  as  a  token  from  the 
Msnagers  and  their  friends  of  their  esteem  for  him  personally,  and 
their  appreciation  of  the  way  in  which  he  had  served  the  Institution. 

Sir  jAxn  CBiOHTOH-Bsowins  having  accepted  the  bust  on  behalf 
of  the  members. 

Sir  FuDBBiGK  Bbamwkll  said  he  found  great  difficulty  in  making 
any  adequate  reply.  At  his  age— he  was  well  into  his  d4th  year — 
many  things  were  denied  him,  among  others  the  faculty  of  blushing; 
oth^wiae  he  would  not  have  been  able  to  sit  and  listen  to  the  lau- 
datory remarks  of  the  Duke  of  Northumberland  and  Sir  James 
Crichton-Browne.  The  fifteen  years  he  had  served  as  secretary  had 
been  years  of  hard  work,  but  of  great  enjoyment,  for  be  had  been 
brought  into  intimate  contact  with  many  men  whom  it  was  a  pleasure 
and  an  honour  to  know.  He  was  glad  the  bust  had  been  given,  for  he 
believed  the  work  of  the  world  was  done  by  average  mediocrity 
pegging  on,  and  it  was  well  to  encourage  men  in  that  sort  of  thing. 
There  was  one  matter  which  he  could  not  pass  over,  but  of  which  he 
could  scarcely  trust  himself  to  speak.  He  had  anticipated  the  process 
of  making  this  bast  with  horror,  but  it  became  an  actual  enjoyment  to 
sit  to  the  genius  and  genial  man  who  had  made  it,  and  watch  the  clay 
growing  into  a  likeness  of  himself,  and  the  death  of  Mr.  (^islow  Ford 
wss  to  him  a  source  of  infinite  sorrow. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  24,  1902. 

Snt  Jambs  Cbiohton-Bbownb,  M.D.  LL.D.  F.B.S.,  Treasurer 
and  Vice-President,  in  the  Chair. 

H.  G.  Wells,  Esq.,  B.Sc. 

The  Discovery  of  the  Future, 

It  will  lead  into  my  subject  most  conveniently  to  contrast  and 
separate  two  divergent  types  of  mind,  types  which  are  to  be  dis- 
tinguished chiefly  by  their  attitude  towards  time,  and  more  particu- 
larly by  the  relative  importance  they  attach  and  the  relative  amount 
of  thought  they  give  to  the  future  of  things. 

The  first  of  these  two  types  of  mind — and  it  is,  I  think,  the 
predominant  type,  the  type  of  the  majority  of  living  people — is  that 
which  seems  scarcely  to  think  of  the  future  at  all,  which  regards  it 
as  a  sort  of  black  non-existence  upon  which  the  advancing  present 
will  presently  write  events.  The  second  type,  which  is,  I  think,  a 
more  modem  and  much  less  abundant  type  of  mind,  thinks  constantly, 
and  by  preference,  of  things  to  come,  and  of  present  things  mainly 
in  relation  to  the  results  that  must  arise  from  them.  The  former 
type  of  mind,  when  one  gets  it  in  its  purity,  is  retrospective  in  habit, 
and  it  interprets  the  things  of  the  present,  and  gives  value  to  this  and 
denies  it  to  that,  entirely  with  relation  to  the  past  The  latter  type 
of  mind  is  constructive  in  habit;  it  interprets  the  things  of  the 
present  and  gives  value  to  this  or  that,  entirely  in  relation  to  things 
designed  or  foreseen. 

While  from  that  former  point  of  view  our  life  is  simply  to  reap 
the  consequences  of  the  past,  from  this  our  life  is  to  prepare  the 
future.  The  former  type  one  might  speak  of  as  the  legal  or  sub- 
missive type  of  mind,  because  the  business,  the  practice,  and  the 
training  of  a  lawyer  dispose  him  towards  it ;  he  of  all  men  must  most 
constantly  refer  to  the  law  made,  the  right  established,  the  precedent 
set,  and  most  consistently  ignore  or  condemn  the  thing  that  is  only 
seeking  to  establish  itself.  The  latter  type  of  mind  I  might  for  con- 
trast call  the  legislative,  creative,  organising,  or  masterful  type, 
because  it  is  perpetually  attacking  and  altering  the  established  order 
of  things,  perpetually  ^Edling  away  from  respect  for  what  the  past 
has  given  us.  It  sees  the  world  as  one  great  workshop,  and  the 
present  is  no  more  than  material  for  the  future,  for  the  thing  that  is 
yet  destined  to  be.  It  is  in  the  active  mood  of  thought,  while  the 
former  is  in  the  passive ;  it  is  the  mind  of  youth — it  is  the  mind  most 
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mtnifest  among  the  Western  nations ;  while  the  fonner  is^  the  mind 
of  age—the  mind  of  the  OrientaL 

Things  have  been,  says  the  l^al  mind,  and  so  we  are  here.    And 
the  creatiTe  mind  says,  We  are  here,  hecause  things  have  yet  to  be. 

Now  I  do  not  wish  to  suggest  that  the  great  mass  of  people  belong 
to  either  of  these  two  types.  Indeed,  I  speak  of  them  as  two  distinct 
tnd  distinguishable  types  mainly  for  convenience,  and  in  order  to 
looentnate  their  distinction.  There  are  probably  very  few  people 
who  brood  constantly  npon  the  past  witiiont  any  thought  of  the 
fainre  at  all,  and  there  are  probably  ecarcely  any  who  live  and 
think  consistently  in  relation  to  the  future.  The  great  mass  of 
people  occupies  an  intermediate  position  between  these  extremes : 
they  pass  daily  and  hourly  from  the  passive  mood  to  the  active — 
they  see  this  thing  in  relation  to  its  associations  and  that  thing  in 
relation  to  its  consequences,  and  they  do  not  even  suspect  that  they 
are  using  two  distinct  methods  in  their  minds. 

But  for  all  that  they  are  distinct  methods — the  method  of  refer- 
ence to  the  past,  and  the  method  of  reference  to  the  future ;  and 
their  mingling  in  many  of  our  minds  no  more  abolishes  their  dif- 
ference than  the  existence  of  piebald  horses  proves  that  white  is  black. 

I  believe  that  it  is  not  sufficiently  recognised  just  how  different 
in  their  consequences  these  two  methods  are,  and  just  where  their 
difference  and  where  the  failure  to  appreciate  their  difference  takes 
one.  This  present  time  is  a  period  of  quite  extraordinary  uncertainty 
and  indecision  upon  endless  questions — moral  questions,  lesthetic 
questions,  religious  and  political  questions — upon  which  we  should 
all  of  us  be  happier  to  feel  assured  and  settled ;  and  a  very  large 
amount  of  this  floating  uncertainty  about  these  important  matters  is 
due  to  the  fact  that  with  most  of  us  these  two  insufficiently  dis- 
tinguished ways  of  looking  at  things  are  not  only  present  together, 
but  in  actual  conflict  in  our  minds,  in  unsuspected  conflict ;  we  pass 
from  one  to  the  other  heedlessly,  >vithout  any  clear  recognition  of  the 
fundamental  difference  in  conclusions  that  exists  between  the  two ; 
and  we  do  this  with  disastrous  results  to  our  confidence  and  to  our 
consistency  in  dealing  with  all  sorts  of  issues. 

But  before  pointing  out  how  divergent  these  two  types  or  habits 
of  mind  really  are,  it  is  necessary  to  meet  a  possible  objection  to 
what  has  been  said.  I  may  put  thnt  objection  in  this  form — Is  not 
this  distinction  between  a  type  of  mind  that  thinks  of  the  past  and  of 
a  type  of  mind  that  thinks  of  the  future  a  sort  of  hair-splitting — 
almost  like  distinguishing  between  people  who  have  left  hands  and 
people  who  have  right?  Everybody  believes  that  the  present  is 
entirely  determined  by  the  past,  you  say ;  but  tlien  everybody 
believes  also  that  the  present  determines  the  future.  Are  we  simply 
separating  and  contrasting  two  sides  of  everybody's  opinion  ?  To 
which  I  would  reply  that  we  are  not  discussing  what  we  know  and 
believe  about  the  relations  of  past,  present,  and  future,  or  of  the 
relation  of  oause  and  effect  to  eaoh  other  in  time  at  all.    We  all 
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know  tbe  present  dtjpends  for  its  causee  on  the  past,  and  that  tbe 
future  depends  for  its  causes  upon  the  present.  But  this  diseuBftion 
coucerua  tlie  way  in  which  wb  approach  things  upon  this  cotntoou 
ground  of  knowledge  and  belief.  We  may  all  know  there  is  an  oast 
and  a  west ;  but  if  fiomo  of  as  always  approach  and  look  at  things 
frvm  the  west,  if  Bome  of  us  always  approach  and  look  at  things  from 
the  east,  and  if  others,  again,  wander  about  with  a  pretty  disregard  of 
direction,  looking  at  things  as  chance  determines,  some  of  ns  will  get 
to  a  westward  conclusion  of  th^  journey,  and  some  of  us  will  get  to 
an  eastn^ard  conclnsioa,  and  some  of  us  will  get  to  no  definite  con- 
clusion at  all  about  all  sorts  of  impoitant  matters. 

And  yet  those  who  are  travelling  east,  and  tboae  who  are  trarel- 
liog  west,  and  those  who  are  wandering  haphazard,  may  be  all  upon 
the  same  ground  of  belief  and  statement,  and  amidst  the  same  as- 
sembly  of  proTen  facts. 

Precisely  the  same  thing  will  happen  if  you  always  approach 
things  from  the  point  of  '^^vf  of  their  causes,  or  if  you  approach 
them  always  with  a  Ttew  to  their  probable  efiects.  And  in  general 
very  important  groups  of  human  affairs  it  is  possible  to  show  quite 
clearly  just  how  widely  apart  the  two  methods,  pursued  each  in  ite 
purity,  take  tbose  who  follow  them. 

I  suppose  that  three  hundred  years  ago  all  people  who  thought 
at  all  about  moral  questions — about  qnostious  of  Eight  and  Wrong — 
deduced  their  rules  of  conduct  absolutely  aud  unreservedly  from  the 
past,  from  some  dogmatic  injunction,  some  finally  settled  decree. 
The  great  mass  of  people  do  so  to-day.  It  is  written,  they  say, 
**  Thou  sbalt  not  steal,''  for  example— that  is  the  sole,  complete,  and 
sufficient  reason  why  you  should  not  ateal ;  and  even  to-day  there  is 
a  strong  aversion  to  admit  that  there  is  any  relation  between  the 
aotnal  consequences  of  acts  and  the  imperatives  of  right  and  wrong. 
Our  lives  are  to  reap  the  fruits  of  determinate  things  \  and  it  is 
still  a  fundamental  presumption  of  the  established  morality  that  one 
must  do  Eight  though  the  heavens  fall.  But  there  are  people  coming 
into  this  world  who  would  refuse  to  call  it  Bight  if  it  brought  the 
heavens  about  our  beads,  however  authoritative  its  sonrces  and  sanc- 
tions ;  and  this  new  disposition  is,  I  belie ve^  a  growing  one.  I  sup- 
pose in  all  ages  people,  in  a  timid,  hesitating,  guilty  way,  have 
tempered  the  austerity  of  a  dogmatic  moral  code,  by  small  in^ac> 
tions,  to  secure  obviously  kindly  ends ;  but  it  was,  I  am  told,  the 
Jesuits  who  &Bt  deliberately  sought  to  qualify  the  moral  interpreta- 
tions of  acts  by  a  consideration  of  their  resulte.  To-day  there  are 
few  people  who  have  not  more  or  less  clearly  discovered  the  future 
as  a  more  or  less  important  factor  in  moral  considerations.  To-day 
tbere  is  a  certain  amall  proportion  of  people  who  frankly  regard 
morality  as  a  means  to  an  end,  as  an  ovemding  of  immediate  and 
personal  consid  era  tions  out  of  regard  to  something  to  be  attained  in 
the  future,  and  who  break  away  altogether  from  the  idea  of  a  code 
dogmatically  estublitthed  for  ever.     Moat  of  ue  are  not  so  definite  as 
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thit,  bat  moflt  of  hb  are  deeply  tmged  with  the  spirit  of  oompromise 
between  the  past  and  the  future ;  we  profeas  an  nnbomided  allegiance 
to  the  preaoriptions  of  the  past,  and  we  practise  a  general  observance 
of  its  injmictioiis,  but  we  qutdify  to  a  Tagne,  variable  extent  with 
ooDsideraiions  of  expediency.  We  hold,  for  example,  that  we  most 
nspeet  oar  promisee.  Bat  sappose  we  find  onexpectedly  that  for 
ooe  of  as  to  keep  a  promise  most  lead  to  the  great  suffering  of  some 
other  human  being — must  lead  to  practical  evil:  would  a  man  do 
right  if  be  broke  such  a  promise?  The  practical  decision  most 
modern  people  would  make  would  be  to  break  the  promise.  But 
soppoee  it  was  not  such  eery  great  suffering  we  were  going  to  inflict, 
but  only  some  suffaring  ?  And  suppose  it  was  a  rather  soleum 
promise?  With  most  of  us  it  would  then  come  to  be  a  matter  of 
weighing  the  promise,  the  thing  of  the  past,  quite  apart  from  its 
effect  upon  our  credit,  against  the  unexpected  bad  consequence,  the 
thing  of  the  future,  ibid  the  smaller  the  evil  consequences  the 
more  most  of  us  would  yacillate.  But  neither  of  the  two  types  of 
mind  we  are  contrastmg  would  vacillate  at  all.  The  legal  type  of 
mind  would  obey  the  past  unhesitatingly;  the  creative  would  un- 
hesitatingly sacrifice  it  to  the  future.  The  legal  mind  would  say 
that  whoever  breaks  the  law  at  any  point  breaks  it  altogether,  while 
the  creative  mind  would  say.  Let  tiie  dead  past  bury  its  dead. 

I  have  taken  this  simple  case  of  a  promise  as  my  illustration  for 
many  reasons,  but  it  is  in  the  field  of  sexual  morality  that  the  two 
methods  are  most  in  conflict. 

And  I  would  like  to  suggest  that  until  you  have  definitely  deter- 
mined to  adhere  to  one  or  ofiier  of  these  two  types  of  mentid  action 
in  these  matters,  you  are  not  even  within  hope  of  a  sustained  con- 
sistency in  the  thought  that  underlies  your  acts,  that  in  every  issue 
of  principle  that  comes  upon  you,  you  will  be  entirely  at  the  mercy 
of  Uie  intellectual  mood  that  happens  to  be  at  that  particular  moment 
ascendant  in  your  mind. 

In  the  sphere  of  public  affidrs  also  these  two  ways  of  looking  at 
things  work  out  into  equally  divergent  and  incompatible  conse- 
quences. The  legal  mind  insists  upon  treaties,  constitutions,  legiti- 
macies, and  charters;  the  legislative  incessantly  assails  these. 
Whenever  some  period  of  stress  sets  in,  some  great  conflict  between 
institutions  and  tiie  forces  in  things,  there  comes  a  sorting  between 
these  two  types  of  mind.  The  legal  mind  becomes  glori6ed  and 
transfigured  in  the  form  of  hopeless  loyalty ;  the  creative  mind  in- 
spires revolutions  and  reconstructions.  And  particularly  is  this 
difference  of  attitude  accentuated  in  the  disputes  that  arise  out  of 
wars.  In  most  modem  wars  there  is  no  doubt  quite  traceable  on 
one  side  or  the  other  a  distinct  creative  idea— a  distinct  regard  for 
■ome  future  consequence.  But  the  main  dispute  even  in  most  modern 
wan,  and  the  sole  dispute  in  most  mediadval  wars,  will  be  found  to 
be  a  reference  not  to  the  future  but  to  the  past;  to  turn  upon  a 
question  of  fact  and  right 
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The  wars  of  Plaatagenet  and  Lancaatrian  England  with  France, 
for  example,  were  baaed  entirely  npon  a  dommy  claim,  sapported  by 
obacnre  legal  argomeots,  npon  the  crown  of  France.  And  the  argu- 
ments that  centre  about  the  present  war  in  South  Africa  ignore  any 
ideal  of  a  g^reat  united  South  African  state  almost  entirely,  and 
quibble  this  way  and  that  about  who  began  the  fighting,  and  what 
was  or  was  not  written  in  some  obscure  revision  of  a  treaty  a  score 
of  years  ago.  Yet  beneath  the  legal  issues  the  broad  creative  idea 
has  been  very  apparent  in  the  pablic  mind  during  this  war.  It  will 
be  found  more  or  less  definitely  formulated  beneath  almost  all  the 
great  wars  of  the  past  century ;  and  a  comparison  of  the  wars  of 
the  nineteenth  century  with  the  wars  of  tie  Middle  Ages  will  show, 
I  think,  that  in  this  field  also  there  has  been  a  discovery  of  the 
future,  an  increasing  disposition  to  shift  the  reference  and  values 
from  tilings  accomplished  to  things  to  come. 

Yet,  though  foresight  creeps  into  our  politics  and  a  reference  to 
consequences  into  our  morality,  it  is  still  the  past  that  dominates  our 
lives.  But  vihy  ?  Why  are  we  so  bound  to  it  ?  It  is  into  the  future 
we  go ;  to-morrow  is  the  eventful  thing  for  us.  There  lies  all  that 
remains  to  be  felt  by  us  and  our  childien,  and  all  those  that  are  dear 
to  us.  Yet  we  marshal  and  order  men  into  classes  entirely  with 
regard  to  the  past,  we  draw  shame  and  hooour  oat  of  the  past, 
against  the  rights  of  property,  the  vested  interestP,  the  agreements 
and  establishments  of  the  past,  the  future  has  no  rights.  Literature 
is  for  the  most  part  history,  or  history  at  one  remove ;  and  what  is 
culture  but  a  mould  of  interpretation  into  which  new  things  are 
thrust,  a  collection  of  standards,  a  sort  of  bed  of  Procrustes,  to  which 
all  new  expressions  must  be  lopped  or  stretched.  Our  conveniences, 
like  our  thoughts,  are  all  retrospective.  We  travel  on  roads  so 
narrow  that  they  suffocate  our  traffic ;  we  live  in  uncomfortable,  in- 
convenient, life-wasting  houses  out  of  a  love  of  familiar  shapes  and 
familiar  customs  and  a  dread  of  strangeness ;  all  our  public  affidrs 
are  cramped  by  local  boundaries  impossibly  restricted  and  small. 
Our  clothing,  our  habits  of  speech,  our  spelling,  our  weights  and 
measures,  our  coinage,  our  religious  and  political  theories,  all  witness 
to  the  binding  power  of  the  past  upon  our  minds. 

Yet  we  do  not  serve  the  past  as  the  Chinese  have  done.  There 
are  degrees.  We  do  not  worship  our  ancestors,  nor  prescribe  a  rigid 
local  costume ;  we  veutnre  to  enlarge  our  stock  of  knowledge,  and 
we  qualify  the  classics  with  occasional  adventures  into  original 
thought.  Compared  with  the  Chinese,  we  are  distinctly  aware  of 
the  future ;  but  compared  with  what  we  might  be,  the  past  is  all  our 
world. 

The  reason  why  the  retrospective  habit,  the  legal  habit,  is  so 
dominant,  and  always  has  been  so  predominant,  is  of  oouree  a  per- 
fectly obvious  one.  We  follow  the  fundamental  human  principle 
and  take  what  we  can  get.  All  persons  believe  the  past  is  certain, 
defined,  and  knowable,  and  only  a  few  people  believe  that  it  is 
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poiiible  tci  know  imjtbiDg  abont  the  future.  Man  has  a^jqnired  the 
bftbil  of  goiog  to  the  past  beuaiisa  it  wus  the  line  of  least  real  stance 
for  his  miod.  While  a  certain  variable  portion  of  the  past  is  serTice- 
mble  m&tter  for  knowle^igcs  in  the  caBe  of  everyone,  the  future  is,  to 
a  mind  witbont  an  imagination  trained  in  scientifie  habits  of  thought, 
fion-esistent,  AH  onr  minds  are  made  of  memories.  In  our  me- 
mories each  of  ns  has  something  that,  wtthont  &ny  special  training 
whfttever,  will  go  bitcfc  into  the  past  and  grip  6rmlyaud  convincingly 
all  soits  of  workable  facts — sometimes  moro  convincingly  than  tirmly. 
Bat  the  imagiaation,  niilcss  it  is  strengthened  by  a  very  aouud  train- 
ing in  the  laws  of  cansatiun,  wanders  like  a  lost  child  in  the  blackoess 
of  things  to  come^  and  returos — ^empty^ 

Many  people  believe  tlierefure  that  there  can  be  no  sort  of 
oertainty  aboat  the  future.  You  can  know  no  more  about  the  future, 
I  was  recently  assured  by  a  friend,  than  you  can  know  which  way  a 
kitten  will  jump  next.  And  to  all  who  hold  thut  view,  who  regard 
the  future  as  a  perpetual  source  of  convulsive  surprtsus,  as  an  in- 
penetrable,  incurablti,  perpetnal  blackness,  it  is  right  and  re^asouuble 
to  derive  such  values  aa  it  is  necessary  to  attach  to  things  from  the 
events  that  have  certainly  happened  with  regard  to  them.  It  is  our 
ignorance  of  the  future  and  our  persuasion  that  that  iguoranoe  is 
abeulutely  incurable^  that  akme  gives  the  past  its  enormous  pre^ 
domimukCB  in  onr  thoughts.  But  through  the  ages  the  long  nnbruken 
itiooeiaioiL  of  fortune-tellere — and  they  flourish  still — witnesses  to 
the  purpetaally  smouldering  feeling  that  after  all  there  ma^  be  a 
better  sort  of  knowledge,  a  more  serviceable  sort  of  knowledge 
than  that  we  now  posttess. 

On  tbe  whole,  there  is  somethiug  Bympathetic  for  the  dupe  of  the 
fortttne-t<:Uer  in  the  spirit  of  modem  science;  it  is  one  of  the  per- 
masions  that  come  into  one's  mind^  ae  one  as^^imilates  the  broad 
OOQi^pLions  of  B>ci6no6|  that  the  adequacy  of  cautaation  is  universal ; 
tbftt  in  absolute  fact,  if  not  m  that  little  bubble  of  relative  iact  which 
oonalitiitee  the  individual  life^  in  absolute  fact,  the  future  is  just  as 
fixed  and  determinate^  just  as  settled  and  inevitable,  just  aa  puBsible 
t  matter  of  knowledge,  as  tbe  past.  Our  personal  memory  gives  us 
AU  impression  of  the  superior  reality  and  trustworthiness  of  things  in 
the  pa^tt  aa  of  things  that  have  iiually  committed  themselves  and 
ttid  their  say ;  but  the  more  clearly  we  master  the  leading  coucep- 
tioQs  of  Bctence,  the  bettur  we  understand  that  this  iuipressiou  is  one 
of  tiao  reiolts  of  the  peculiar  c  end  it  iocs  of  our  lives,  and  not  an 
ali9olale  truth.  The  man  of  acience  comes  to  believe  at  last  that  the 
«T«ste  of  the  year  A.n.  4000  are  as  fixed,  settled,  and  unchangeable 
aa  the  events  of  the  year  1600.  Only  about  the  hitter  he  hus  bomo 
■uiterial  for  belief,  and  about  the  former— practically  noue* 

And  the  quofition  arises,  how  far  this  absolute  ignorance  of  the 
falQitj  is  a  fixed  and  necessary  condition  of  humau  life,  aud  how  far 
Rgtne  application  of  intellectual  methods  may  not  attenuate,  even  if 
tt  does  not  absolutely  set  aaide^  the  veil  between  ourselves  and  things 
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to  oGOie.  And  I  am  Tentoring  to  mggest  to  joo.  Ihii  along  eertain 
lines,  and  vith  certain  qnalifirationa  and  limitatinw,  a  working 
knowledge  of  things  in  the  fatnre  is  a  poasihle  and  practicaMc  thing. 

And  in  order  to  support  this  suggestion,  I  would  call  your  atten- 
tion to  certain  frets  ahont  oar  knowledge  of  iht  past,  and  more 
particnhu'I  J  I  wovid  insist  npon  this,  that  abovt  the  past  our  range 
of  ahsolote  certainty  is  rery  limited  indeed.  Abont  the  past,  I 
woold  eoggest,  we  are  inclined  to  OTcr-estimate  our  certainij,  jnst  as 
I  think  we  are  inclined  to  nnder-estimate  the  certainties  of  the  fotore. 
And  soch  a  knowledge  of  the  past  as  we  hare  is  not  all  of  the  same 
sort,  nor  deriTed  from  the  same  soorces^ 

Let  OS  consider  jnst  what  an  edncated  man  of  to-daj  knows  of  the 
past.  First  of  all,  he  has  the  reallest  of  all  knowledge,  the  know- 
ledge of  his  own  personal  experiences;,  his  memory.  Unedocated 
people  beliere  their  memories  ahsolotely,  and  most  ednoated  people 
beliere  theirs  with  a  few  resenrations.  Some  of  as  take  ap  a  critual 
attitude  eren  towards  oar  own  memories ;  we  know  that  they  not  only 
sometimes  drop  things  oat,  but  that  sometimes  a  sort  of  dresming,  or 
a  strong  suggestion,  will  pot  things  in.  Bat,  lor  all  that,  memory 
remains  virid  and  zeal,  as  no  other  knowledge  can  be^  and  to  haTO 
seen,  and  heard,  and  felt,  is  to  be  nearest  to  absoloto  oonTieticm.  Yet 
oar  memory  of  direct  impressions  is  only  the  smallest  part  of  what 
we  know.  Ootside  that  bright  area  comes  knowledge  of  a  diflerent 
order,  the  knowledge  brooght  to  as  by  other  people.  Ootside  oar 
immediate  personal  memory,  there  comes  this  wider  area  of  Cucts  or 
qaasi-fscts,  told  as  by  more  or  less  trustworthy  people,  told  us  by 
word  of  mouth  or  by  the  written  word  of  liring  and  of  dead  writers. 
This  is  the  past  of  report,  rumour,  tradition,  and  history — the  second 
sort  of  knowledge  of  the  past.  The  nearer  knowledge  of  this  sort  is 
abundant,  and  clear,  and  detailed ;  remoter,  it  becomes  raguer ;  still 
more  remotely  in  time  and  space,  it  dies  down  to  Iriel^  imperfect 
inscriptions  and  enigmatical  traditions,  and  at  last  dies  away,  so  fer 
as  the  records  and  traditions  of  humanity  go,  into  a  doubt  and  dark- 
ness as  black,  just  as  black,  as  futurity.  And  now  let  me  lemind  you 
that  this  second  sone  of  knowledge,  outside  the  bright  area  of  what 
we  have  felt,  and  vritoessed,  and  handled  for  ourselves — this  sone  of 
hearsay,  and  history,  and  tradition,  completed  the  whole  knowledge 
of  the  past  that  was  accessible  to  Shakespeare,  fur  example.  To  these 
limits  man's  knowledge  of  the  past  was  absolutely  confined  save  for 
some  inklings  and  guesses,  save  for  some  small,  almost  negligible 
beginnings,  until  the  nineteenth  century  began. 

Beside  the  correct  knowledge  in  this  scheme  of  hearsay  and 
history,  »  roan  bad  a  certain  amount  of  legend  and  error  that  rounded 
oft'  the  picture  in  a  very  satisfying  and  misleading  way — according  to 
Bishop  Ussber,  just  exactly  four  thousand  and  four  years  B.&  And 
that  was  man's  Uni verbal  History — that  was  his  all,  until  the  scien- 
tific epoch  began.  And  beyond  those  limito — ?  Well,  I  suppose  the 
educated  man  of  the  sixteenth  century  was  as  certain  of  the  non^ 
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existenoe  of  anythinii;  before  the  creatioa  of  the  world  as  he  was,  and 
u  most  of  us  are  still,  of  the  practical  non-eziBtence  of  the  future,  or 
it  any  rate,  he  was  as  satisfied  of  the  impossibility  of  knowledge  in 
one  direction  as  in  another. 

But  modem  science — ^that  is  to  say,  the  relentless  systematic 
criticism  of  phenomena — has  in  the  past  hondred  years  absolutely 
destroyed  the  conception  of  a  finitely  distant  Beginning  of  Things, 
bM  abolished  snch  limits  to  the  past  as  a  dated  creation  set,  and 
added  an  enormoos  vista  to  that  limited  sixteenth  century  outlook. 

And  what  1  wonld  insist  npon  is,  that  this  further  knowledge  is  a 
Dsw  kind  of  knowledge  obtained  in  a  new  kind  of  way.  Wo  know 
to-day  quite  as  confidently,  and  in  many  respects  more  intimately 
than  we  know  Sargon,  or  Zenobia,  or  Caractacus,  the  form  and  the 
balats  of  oreaiuTes  that  no  liying  being  has  ever  met,  that  no  human 
eje  has  OTor  regarded,  and  the  character  of  scenery  that  no  man  has 
efer  seen  or  can  oyer  possibly  see ;  we  picture  to  ourselyes  the  Laby- 
tinthodon  raising  its  clumsy  head  above  the  waters  of  the  carboni- 
ferous swamps  in  which  he  lived,  and  we  figure  the  Pterodactyls, 
those  great  bird-lizards,  flapping  their  way  athwart  the  forests  of 
Mesosoic  age  with  exactly  the  same  certainty  as  that  with  which 
we  picture  the  rhinoceros  or  the  vulture.  I  doubt  no  more  about 
the  fMsts  in  this  further  picture  than  I  do  about  those  in  the  nearer. 
I  believe  in  the  Megatherium,  which  I  have  never  seen,  as  confidently 
IS  I  believe  in  the  hippopotamus  that  has  engulfed  buns  from  my 
hand.  A  vast  amount  of  detail  in  that  further  picture  is  now  fixed 
and  finite  for  all  time.  And  a  countless  number  of  investigators  are 
penistently  and  confidently  enlarging,  amplifying,  correcting  and 
poshing  further  and  further  back  the  boundfuries  of  this  Greater  Past, 
— this  pre-human  past  that  the  scientific  criticism  of  existing  phe- 
nomena has  discovered  and  restored  and  brought  for  the  first  time  into 
the  world  of  human  thought.  We  have  become  possessed  of  a  new 
and  once  unsuspected  history  of  tho  world,  of  wluch  all  the  history 
that  was  known,  for  example,  to  Dr.  Johnson,  is  only  the  brief  con- 
cludiDg  chapter.  And  even  that  concluding  chapter  has  been  greatly 
enlarged  and  corrected  by  the  exploring  archasologist  working  strictly 
upon  the  lines  of  the  new  method  ;  that  is  to  say,  the  comparison  and 
criticiBm  of  suggestive  facts. 

I  want  particularly  to  insist  upon  this — that  all  this  outer  past — 
this  non-historical  past — is  the  product  of  a  new  and  keener  habit  of 
inquiry,  and  no  sort  of  revelation.  It  is  simply  due  to  a  new  and 
more  critical  way  of  looking  at  things.  Our  knowledge  of  the  geo- 
logical past,  clear  and  definite  as  it  has  become,  is  of  a  difierent  and 
lower  order  than  the  knowledge  of  our  memory,  and  yet  of  a  quite 
practicable  and  trustworthy  order — a  knowledge  good  enough  to  go 
upon.  And  if  one  were  to  speak  of  the  private  memory  as  the 
Personal  Past,  and  the  next  wider  area  of  knowledge  as  the  Tradi- 
tional or  Historical  Past,  then  one  might  call  all  that  great  and 
inspiring  background  of  remoter  geological  time  the  Inductive  Past. 
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And  this  great  disooyery  of  the  Inductive  Past  was  got  by  the 
discussion  and  redisoussion  and  effective  oritioifim  of  a  number  of 
existing  facts,  odd-shaped  lumps  of  stone,  streaks  and  handings  in 
quarries  and  cliffs,  anatomical  and  developmental  details,  that  had 
always  been  about  in  the  world,  that  had  been  lying  at  the  feet  of 
mankind  so  long  as  mankind  had  existed,  but  that  no  one  had  ever 
dreamt  before  could  supply  any  information  at  all,  much  more  reveal 
such  astounding  and  enlightening  vistas.  Looked  at  in  a  new  way, 
they  became  sources  of  dazzling  and  penetrating  light — the  remoter 
past  lit  up  and  became  a  picture.  Considered  as  effects,  compared 
and  criticised,  they  yielded  a  clairvoyant  vision  of  the  history  of 
interminable  years. 

And  now,  if  it  has  been  possible  for  men — by  picking  out  a 
number  of  suggestive  and  significant-looking  things  in  the  present, 
by  comparing  them,  criticising  them,  and  discussing  them,  with  a 
perpetual  insistence  upon  why  f  without  any  guiding  tradition,  and, 
indeed,  in  the  teeth  of  established  beliefs — to  construct  this  amazing 
searchlight  of  inference  into  the  remoter  past, — is  it  really,  after  all, 
such  an  extravagant  and  hopeless  thing  to  suggest  that,  by  seeking 
for  operating  causes  instead  of  for  fossils,  and  by  criticising  them  as 
pei-sistently  and  thoroughly  as  the  geological  record  has  been  criti- 
cised, it  may  be  possible  to  throw  a  searchlight  of  inference  forward 
instead  of  backward,  and  to  attain  to  a  knowledge  of  coming  things 
as  clear,  as  universally  convincing,  and  infinitely  more  important  to 
mankind  than  the  clear  vision  of  the  past  that  geology  has  opened 
to  us  during  the  nineteenth  century  ? 

Let  us  grant  that  anything  to  correspond  with  the  memory,  any- 
thing having  the  same  relation  to  the  future  that  memory  has  to  the 
past,  is  out  of  the  question.  We  cannot  imagine,  of  course,  that  we 
can  ever  know  any  personal  future  to  correspond  with  our  personal 
past,  nor  any  traditional  future  to  correspond  with  our  traditional 
past.  But  the  possibility  of  an  inductive  future  to  correspond  with 
that  great  inductive  past  of  geology  and  archsBology  is  an  altogether 
different  thing. 

I  must  confess  that  I  believe  quite  firmly  that  an  inductive  know- 
lodge  of  a  great  number  of  things  in  the  future  is  becoming  a  human 
possibility.  I  believe  that  the  time  is  drawing  near  when  it  will  be 
possible  to  suggest  a  systematic  exploration  of  the  future.  And  you 
must  not  judge  the  practicability  of  this  enterprise  by  the  failures 
of  the  past.  So  far  nothing  has  been  attempted,  so  far  no  first-class 
mind  has  ever  focussed  itself  upon  these  issues.  But  suppose  the 
laws  of  social  and  political  development,  for  example,  were  given  as 
many  brains,  were  given  as  much  attention,  criticism  and  discussion 
as  we  have  given  to  the  laws  of  chemical  combiuation  during  the 
last  fifty  years, — what  might  we  not  expect  ? 

To  the  popular  mind  of  to-day,  thero  is  something  very  difficult 
in  such  a  suggestion,  soberly  made,  but  here,  in  this  Institution, 
which  has  watclied  for  a  whole  century  over  the  splendid  adoleBoence 
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of  scienoe,  and  iwbere  the  spirit  of  science  is  snrelj  understood,  yon 
will  know  that,  as  a  matter  of  fact,  prophecy  has  always  been  in- 
•eparably  associated  with  the  idea  of  scientific  research.  The  popular 
idea  of  scientific  investigation  is  a  vehement,  aimless  collection  of 
httle  facts,  collected  as  the  bower-bird  collects  shells  and  pebbles, 
tnd  tbe  systematic,  unreasonable  stowing  away  of  these  little  facts 
in  methodical  little  rows ;  and  out  of  this  process,  in  some  manner 
vnknown  to  the  popular  mind,  certain  conjaring  tricks — the  cele- 
brated wonders  of  scienoe— in  a  sort  of  accidental  way,  emerge.  Tbe 
popular  conception  of  all  discovery  is  accident. 

But  you  will  know  that  the  essential  thing  in  the  scientific  pro- 
cess is  not  the  collection  of  facts,  but  the  analysis  of  facts :  facts  are 
the  raw  material,  and  not  the  substance,  of  science ;  it  is  analysis 
that  has  given  us  all  ordered  knowledge;  and  jou  know  that  the 
aim,  and  the  test,  and  the  justification  of  the  scientific  process  is 
not  a  marketable  conjuring  trick,  but  prophecy.  Until  a  scientific 
theory  yields  confident  forecasts,  you  know  it  is  unsound  and  tenta- 
tive ;  it  is  mere  theorising,  as  evanescent  as  art  talk,  or  the  phantoms 
politicians  talk  about.  The  splendid  body  of  gravitational  astronomy, 
for  example,  establishes  itself  upon  the  certain  forecast  of  stellar 
movements,  and  you  would  absolutely  refuse  to  believe  its  amazing 
assertions  if  it  were  not  for  these  same  unerring  forecasts.  The 
whole  body  of  medical  science  aims,  and  claims  the  ability,  to  diag- 
nose. Meteorology  constantly  and  persistently  aims  at  prophecy, 
and  it  will  never  stand  in  a  place  of  honour  until  it  can  certainly 
foretell.  The  chemist  forecasts  elements  before  he  meets  them — it 
is  very  properly  his  boast ;  and  the  splendid  manner  in  which  the 
mind  of  Clerk  Maxwell  reached  in  front  of  all  experiment,  and  fore- 
told those  things  that  Marconi  has  materialised,  is  familiar  to  us  all. 
All  applied  mathematics  resolves  into  computation  to  foretell  things 
which  otherwise  can  only  be  determined  by  trial.  Even  in  so  un- 
scientific a  science  as  political  economy  there  have  been  forecasts. 

And,  if  I  am  right  in  saying  that  science  aims  at  prophecy,  and 
if  the  specialist  in  each  science  is,  in  fact,  doing  his  best  now  to 
prophecy  within  the  limits  of  his  field,  what  is  there  to  stand  in  the 
way  of  our  building  up  this  growing  body  of  forecast  into  an  ordered 
picture  of  the  future  that  will  be  just  as  certain,  just  as  strictly 
science,  and  perhaps  just  as  detailed  as  the  picture  that  has  been 
built  up  within  the  last  hundred  years  to  make  the  geological  past  ? 
Well,  so  far  and  until  we  bring  the  prophecy  down  to  the  affairs  of 
man  and  his  children,  it  is  just  as  possible  to  carry  induction  forward 
as  back  ;  it  is  just  as  simple  and  sure  tu  work  out  the  changing  orbit 
of  the  earth  in  the  future  until  the  tidal  drag  hauls  one  unchanging 
fiice  at  last  towards  the  sun,  as  it  is  to  work  back  to  its  blazing  and 
molten  past.  Until  man  comes  in,  the  inductive  future  is  as  real 
and  convincing  as  the  inductive  past.  But  inorganic  forces  are  the 
smaller  part  and  the  minor  interest  in  this  concern.  Directly  man 
becomes  a  factor  the  nature  of  the  problem  changes,  and  our  whole 
VoL.XVn.    (No.  96.)  0 
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preecMit  inter  est  centte&  on  the  question  whether  man  is  indeedf  In- 
diriditallj  and  collectively,  incalculable,  a  new  element  which  entirely 
alters  the  nature  of  our  inquiry  and  stamp e  it  at  opc©  as  vain  and 
hopeless,  or  whether  his  presence  complicates  indeed,  hut  does  not 
alter,  the  esBcntial  nature  of  the  induction.  How  far  may  we  hope 
to  get  truitworthy  inductions  ahout  the  future  of  man  ^ 

Well»  I  think,  ou  the  whole,  we  are  inclined  to  underrate  our 
chance  of  certainties  in  the  future  juet  as  I  think  we  are  inclined  to 
be  too  credulous  about  the  hifitoncal  past.  The  viTidness  of  our 
personal  memories,  which  are  the  very  essence  of  reality  to  ua, 
throws  a  glamour  of  conviction  over  tradition  and  past  inductionB. 
But  the  personal  future  mmit  in  the  very  nature  of  things  be  hidden 
from  us  so  long  ae  time  endureg,  and  this  black  ignorance  at  our 
Tery  feet,  this  blaek  shadow  that  corresponds  to  the  brightness  of 
our  memories  behind  us,  tbrowa  a  glamour  of  uncertainty  and  un- 
reality over  all  the  future.  We  are  continually  fiurprisiog  ourselves 
by  our  own  wills  or  want  of  will;  the  indiTidualities  about  us  are 
COD ti Dually  producing  rhe  unexpected^  and  it  is  very  natural  to 
reason  that  as  wo  can  never  he  precisely  sure  before  the  time  comes 
what  we  are  goiug  to  do  and  feel,  and  if  we  can  never  count  with 
absolute  cortaiuty  upon  tbe  acta  and  happenings  even  of  our  most 
intiiuate  friends,  how  much  the  more  impossible  is  it  to  anticipate 
the  behaviour  in  any  direction  of  states  and  communities. 

In  reply  to  which  I  woulcl  advance  the  suggestion  that  an  in- 
crease in  the  number  of  human  beings  considered  may  positively 
simplify  the  case  instead  of  complicating  it,  tbat  as  the  individuals 
iucr^^e  in  number  thoy  begin  to  average  out.  Let  me  illustrate 
this  point  by  a  comparison.  Angular  pit-sand  has  graius  of  the 
most  varied  shapes.  Examined  microAoopically,  you  will  find  all 
Borta  of  angles  and  outlines  and  variations.  Before  yon  look,  you 
isan  say  of  no  particular  grain  what  ita  outline  will  be.  And  if  you 
shoot  a  load  of  such  eand  from  a  cart,  you  cannot  foretell  with  any 
certainty  where  any  particular  grain  will  he  in  the  heap  that  you 
make.  But  you  can  tell — you  can  tell  protty  definitely— the  form 
of  the  heap  as  a  whole.  And  forther,  if  you  pass  that  sand  through 
a  series  of  shoots,  aud  finally  drop  it  some  distance  to  the  ground, 
you  will  be  able  to  foretell  that  grains  of  a  certain  sort  of  form  and 
siae  will  for  the  most  part  he  found  in  one  part  of  the  heap  and 
grains  of  another  sort  of  form  and  size  wiU  bo  found  in  another 
part  of  tbe  heap.  In  such  a  case,  you  see,  the  thiug  as  a  whole  may 
be  simpler  than  its  component  parts,  aud  this,  1  submit,  iB  also  the 
caee  in  many  human  aflairs.  So  that  hecauee  the  individnal  future 
eludes  us  completely,  that  is  no  reason  why  we  should  not  aspire  to, 
and  discover  and  use,  (;afe  and  serviceable  generalisations  upon 
OQuntleas  important  issues  in  the  human  destiny. 

But  there  is  a  very  grave  and  important-looking  difference  between 
ft  load  of  sand  and  a  multitude  of  human  beings,  and  this  I  must  face 
and  examine.     Men's  thoughts  and  mils  and  emotions  are  contagious. 
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An  ezooptioiial  sort  of  sand  grain — a  sand  grain  that  is  ezceptionallj 
big  and  heaTj,  for  example — exerts  no  influence  worth  considering 
ipon  any  other  of  the  sand  grains  in  the  load.     They  will  fall  and 
roll  and  heap  ihemselyes  just  the   same,  whether  that  exceptional 
grain  is  with  them  or  not.     But  an  exceptional  man  comes  into  the 
world— a  Cnear,  or  a  Napoleon,  or  a  Peter  the  Hermit — and  he  appears 
to  peraoade  and  convince  and  compel  and  take  entire  possession  of 
tbo  sand  heap— I  mean  the  community — and  to  twist  and  alter  its 
^^niiw  to  an  almost  unlimited  extent.    And  if  this  is  indeed  the 
CMS,  it  rednoes  onr  project  of  an  inductive  knowledge  of  the  future 
to  very  small  limits.     To  hope  to  foretell  the  hirth  and  coming  of 
own  of  exceptional  force  and  genius  is  to  hope  incredihly,  and  if  in- 
deed Boch  exceptional  men  do  as  much  as  they  seem  to  do  in  warping 
the  path  of  humanity,  our  utmost  prophetic  limit  in  human  affairs  is 
a  conditional  sort  of  prophecy.    If  people  do  so  and  so,  we  can  say, 
then  such  and  such  results  will  follow,  and  we  must  admit  that  that 
is  oar  boundary. 

But  everybody  does  not  believe  in  the  importance  of  the  leading 
man.  There  are  those  who  will  say  that  the  whole  world  is  different 
by  reason  of  Napoleon.  But  there  are  also  those  who  will  say  the 
whole  world  of  to-day  would  be  very  much  as  it  is  now  if  Napoleon 
had  never  been  bom.  There  are  those  who  believe  entirely  in  the 
individual* man,  and  those  who  believe  entirely  in  the  forces  behind 
the  individual  man ;  and,  for  my  own  part,  I  must  confess  myself  a 
lather  extreme  ease  of  the  latter  kind.  I  must  confess  1  believe  that 
if,  by  some  jnggling  with  space  and  time,  Julius  Caesar,  Napoleon, 
Edward  lY.,  William  the  Conqueror,  Lord  Bosebery,  and  Bobert 
Bums  had  all  been  changed  at  birth,  it  would  not  have  produced  any 
lerions  dislocation  in  the  course  of  destiny.  I  believe  that  these 
great  men  of  ours  are  no  more  than  images  and  symbols  and  instru- 
ments taken,  as  it  were,  haphazard  by  the  incessant  and  consistent 
foroea  behind  them ;  they  are  the  pen-nibs  Fate  has  used  for  her 
writing,  the  diamonds  upon  the  drill  that  pierces  through  the  rock. 
And  the  more  one  inclines  to  this  trust  in  forces,  the  more  one  will 
believe  in  the  possibility  of  a  reasoned  inductive  view  of  the  future, 
that  will  serve  us  in  politics,  in  morals,  in  social  contrivances,  and  in 
a  thousand  spacious  ways.  And  even  those  who  take  the  most  ex- 
treme and  personal  and  melodramatic  view  of  the  ways  of  human 
destiny,  who  see  life  as  a  tissue  of  fairy  godmother  births  and  acci- 
dental meetings  and  promises  and  jealousies,  will,  I  suppose,  admit 
there  comes  a  limit  to  these  things — that  at  last  personality  dies 
away  and  the  greater  forces  come  to  their  own.  The  great  man, 
however  great  he  be,  cannot  set  back  the  whole  scheme  of  things ; 
what  he  does  in  right  and  reason  will  remain,  and  what  he  does 
against  the  greater  creative  forces  will  perish.  We  cannot  foresee 
hun ;  let  us  grant  this.  His  personal  difference,  the  splendour  of  his 
dfect,  his  dramatic  arrangement  of  events,  will  be  his  own ;  in  other 
▼ords,  we  cannot  estimate  for  accidents  and  accelerations  and  delays 
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— ^bnt  if  only  we  throw  our  web  of  generalisation  wide  enough,  if 
only  we  spin  onr  rope  of  induction  strong  enough,  the  final  result  of 
the  great  man,  his  ultimate  sarviTing  consequences,  will  come  within 
our  net. 

Such,  then,  is  the  sort  of  knowledge  of  the  future  that  I  belieye 
is  attainable,  and  worth  attaining.  I  believe  that  the  deliberate 
direction  of  historical  study,  and  of  economic  and  social  study 
towards  the  future,  and  an  increasing  reference,  a  deliberate  and 
courageous  reference  to  the  future  in  moral  and  religious  discussion, 
would  be  enormously  stimulating  and  enormously  profitable  to  our 
intellectual  life.  I  have  done  my  best  to  sui^gest  to  you  that  such 
an  enterprise  is  now  a  serious  and  practicable  undertaking.  But  at 
the  risk  of  repetition,  I  would  call  your  attention  to  the  essential 
difference  that  must  always  hold  t)etween  our  attainable  knowledge  of 
the  future  and  our  existing  knowledge  of  the  past  The  portion  of 
the  past  that  is  brightest  and  most  real  to  each  of  us  is  the  individual 
past,  the  personal  memory.  The  portion  of  the  futare  that  must 
remain  darkest  and  least  accessible  is  the  individual  future.  Scientific 
prophecy  will  not  be  fortune-telling,  whatever  else  it  may  be.  Those 
excellent  people  who  cast  horoscopes,  those  illegal  fashionable  palm- 
reading  ladies  who  abound  so  much  to-day,  in  whom  nobody  is  so 
foolish  as  to  believe,  and  to  whom  everybody  is  foolish  enough  to  go, 
need  fear  no  competition  from  the  scientific  prophets.  The  know- 
ledge of  the  future  we  may  hope  to  gain  will  be  general,  and  not 
individual ;  it  will  be  no  sort  of  knowledge  that  will  either  hamper 
us  in  the  exercise  of  our  individual  free  will,  or  relieve  us  of  our 
personal  responsibility. 

And  now,  how  far  is  it  possible  at  the  present  time  to  speculate 
on  the  particular  outline  the  future  will  assume,  when  it  is  investi- 
gated in  this  way  ? 

It  is  interesting,  before  we  answer  that  question,  to  take  into 
account  the  speculations  of  a  certain  sect  and  culture  of  people  who 
already,  before  the  middle  of  last  century,  had  set  their  faces  towards 
the  future  as  the  justifying  explanation  of  the  present.  These  were 
the  Positivists,  whose  position  is  still  most  eloquently  maintained 
and  displayed  by  Mr.  Frederic  Harrison,  in  spite  of  the  great 
expansion  of  the  human  outlook  that  has  occurred  since  Comte.  If 
you  read  Mr.  Harrison,  and  if  you  are  also,  as  I  presume  your  presence 
here  indicates,  saturated  with  that  new  wine  of  more  spacious  know- 
ledge that  has  been  given  the  world  during  the  last  fifty  years,  you 
will  have  been  greatly  impressed  by  the  peculiar  limitations  of  the 
Fositivist  conception  of  the  future.  So  far  as  I  can  gather,  Oomte 
was  for  all  practical  purposes  totally  ignorant  of  that  remoter  past 
outside  the  past  that  is  known  to  us  by  history ;  or,  if  he  was  not 
totally  ignorant  of  its  existence,  he  was,  and  conscientiously  remained, 
ignorant  of  its  relevancy  to  the  history  of  Humanity.  In  the  narrow 
and  limited  past  he  recognised,  men  had  always  been  men  like  the 
men  of  to-day ;  in  the  future  he  could  not  imagine  that  they  would 
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be  tnyihing  more  than  men  like  the  men  of  to-day.     He  perceived, 

tswe  all  perceive,  that  the  old  social  order  was  breaking  up,  and 

tfter  a  richly  saggestive  and  incomplete  analysis  of  the  forces  that 

were  breaking  it  np,  he  set  himself  to  plan  a  new  static  social  order 

to  replace  it.     If  you  will  read  Comte,  or  what  is  much  easier  and 

pleisanter,  if  you  ^will  read  Mr.  Frederic  Harrison,  you  will  find  this 

ooQception  constantly  apparent — this  conception  that  there  was  once 

ft  stable  condition  of  society,  with  Humanity,  so  to  speak,  sitting 

down  in  an  orderly  and  respectable  manner ;  that  Humanity  has  been 

stirred  np  and  is  on  the  moye  ;  and  that  finally  it  will  sit  down  again 

CD  a  higher  plane,  and  for  good  and  all,  cultured  and  happy,  in  the 

reorganised  Positiyist  state.     And  since  he  could  see  nothing  beyond 

man  in  the  future,  there,  in  that  millennial  fashion,  Oomte  had  to 

end.    Since  he  could  imagine  nothing  higher  than  man,  he  had  to 

•»ert  that  Humanity,  and  particularly  the  future  of  Humanity,  was 

the  highest  of  all  couoeiTable  things. 

All  that  was  perfectly  comprehensible  in  a  thinker  of  the  first 
half  of  the  nineteenth  century.  But  we  of  the  early  t\^entieth,  and 
particularly  that  growing  majority  of  us  who  have  been  bom  smee 
the  '  Origin  of  Species '  was  written,  have  no  excuse  for  any  such 
limited  vision.  Our  imaginations  have  been  trained  upon  a  past  in 
which  the  past  that  Oomte  knew  is  scarcely  more  than  the  concluding 
moment ;  we  perceive  that  man,  and  all  the  world  of  men,  is  no  more 
than  the  present  phase  of  a  development  so  great  and  splendid  that, 
beside  this  vision,  epics  jingle  like  nursery  rhymes,  and  all  the  ex- 
ploits of  Humanity  shrivel  to  the  proportion  of  castles  in  the  sand. 
We  look  back  through  countless  millions  of  years  and  see  the  great 
Will  to  Live  struggling  out  of  the  intertidal  slime,  struggling  from 
shape  to  shape,  and  from  power  to  power,  crawling,  and  then  walking 
confidently,  upon  the  land ;  struggling,  generation  after  generation, 
to  master  the  air,  creeping  down  into  the  darkness  of  the  deep ;  we 
see  it  turn  upon  itself  in  rage  and  hunger,  and  reshape  itself  anew  ; 
ve  watch  it  draw  nearer  and  more  akin  to  us,  expanding,- elaborating 
itself,  pursuing  its  relentless,  inconceivable  purpose,  until  at  last  it 
reaches  us,  and  its  being  beats  through  our  brains  and  arteries, 
throbs  and  thunders  in  our  battleships,  roars  through  our  cities,  slugs 
in  our  music,  and  flowers  in  our  art.  And  when  from  that  retrospect 
we  turn  again  towards  the  future,  surely  any  thought  of  finality, 
any  ynillAT^inl  settlement  of  cultured  persons,  has  vanished  from  our 
muids. 

This  fact,  that  man  is  not  final,  is  the  great,  unmanageable, 
disturbing  fact  that  rises  upon  us  in  the  scientific  discovery  of  the 
future ;  and  to  my  mind,  at  any  rate,  the  question,  What  is  to  come 
after  man  ?  is  the  most  persistently  fascinating  and  the  most  insoluble 
question  in  the  whole  world. 

Of  course  we  have  no  answer.  Such  imaginations  as  we  have 
refuse  to  rise  to  the  task. 
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Bnt,  for  Oe  uMier  fkime.  wliile  ^  is  itill 
genenl  ilali  iim  nto  Unt  ■eem  to  grow 
prattj  gcnenUy  believed  to-daj.  it  has 
eabinet  mifiiitfrs  aov — tfaongii  it  ««6  a 
two  jcan  ago— 'tliat  our  dense  popniarifma  are  in  tlie 
of  a  prooeai  of  difioiioo  and  aeration.  D  seens  pretty  insvitelile^ 
also,  tbat  tlie  mass  of  white  and  jellow  pc^iiilatian  in  ibe  woild  wiU 
be  forced  aome  way  op  the  scale  of  edneatioo  and 
in  the  next  two  or  thrae  decades.  It  is  not  diffieoU  toeolleet: 
ioT  snpposingy  sod  soch  rcssonn  hare  been  cnlleeted,  that  in  the 
fotore^— in  a  oonple  of  hnndred  years,  as  one  rash  optimist  hss 
^<fr  in  a  thoosaod  or  so,  hnmsnity  will  be  d^nitely  sod 
organising  itself  ss  a  great  world-state :  a  great  worid-stste  that  will 
purge  from  itself  much  thst  ib  mean,  moch  that  is  bestial,  and  mneh 
that  makes  for  indiTidnal  dnlnesB  and  dreariness,  greynesB,  snd 
wretchedness  in  the  world  of  to^y.  And  slthon^  we  know  that 
these  is  nothing  final  in  that  world-state :  although  we  see  it  only 
ss  something  to  be  reached  and  passed ;  although  we  are  sure  there 
will  be  no  such  sitting  down  to  restore  and  peifect  a  culture  as  the 
Positirists  foretell,  yet  few  people  can  persuade  themselTes  to  see 
anjrthing  beyond  that  except  in  the  Tsguest  and  most  general  tenns. 
That  world-stste  of  more  efficient,  more  TiTid,  beauti^l,  and  eyent- 
ful  people  is,  so  to  speak,  on  the  brow  of  a  hill,  and  we  cannot  see 
over — ^though  some  of  us  can  imagine  great  uplands  beyond,  snd 
ifomething — something  that  glitters  elnsiTely,  taking  first  one  fonn, 
and  then  another,  through  the  base.  We  can  see  no  detaU ;  we  can 
see  nothing  definable ;  and  it  is  simply,  I  know,  the  sanguine  neoes- 
ffity  of  our  minds  that  makes  us  belieTe  that  Uiose  upLuids  of  the 
future  are  still  more  gracious  and  splendid  than  we  can  either  hope 
or  imagine.     But  of  things  that  can  be  demonstrated  we  haye  none. 

Yet  I  suppose  most  of  us  entertain  certain  necessary  persuasions, 
without  which  a  moral  life  in  this  world  is  neither  a  reasonable  nor 
a  j>ossible  thing.  All  this  paper  is  built  finally  upon  certain  negatiye 
beliefs  that  are  incapable  of  scientific  estabU^mient  Our  liyes  and 
powers  are  limited  ;  our  scope  in  space  and  time  is  limited ;  and  it  is 
not  unreasonable  that  for  fundamental  beliefiB  we  must  go  outside  the 
sphere  of  reason,  and  set  our  feet  upon  Faith.  Implicit  in  all  such 
speculations  as  tliis  is  a  very  definite  and  quite  arbitrary  belief,  and 
that  belief  is  that  neither  humanity  nor,  in  truth,  any  individual 
human  being,  is  living  its  life  in  vain.  And  it  is  entirely  by  an  act 
of  faith  that  wo  must  rule  out  of  our  forecasts  certain  possibilities — 
certain  things  that  one  may  consider  improbable,  and  against  the 
chances;  but  that  no  one,  upon  scientific  grounds,  can  call  im- 
possible. One  must  admit  that  it  is  impossible  to  show  why  certain 
things  should  not  utterly  destroy  and  end  the  entire  human  race  and 
story  ;  why  night  should  not  presently  come  down  and  make  all  our 
dreams  and  efforts  vain.     It  is  conceivable,  for  example,  that  some 
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grwl  nnsTispeoted  maas  of  smttar  should  preaantly  rash  npon  us  out 
of  epaoe,  whirl  sttti  and  pl&nets  aside  like  dead  leasee  before  the 
biQose»  &nd  collide  with  and  utterly  destroj  every  spark  uf  life  apon, 
ihoM  larih.  So  far  as  positiTe  haman  knowledge  goes^  this  is  a  con- 
oeifibld,  po^ble  thiug.  There  is  nothing  m  eoienoe  to  show  why 
iwh  a  iMiig  fiboold  not  he* 

It  ia  ooQCdivable,  too^  that  some  peetilenoe  may  presently  appear, 
ana  new  diaeaae^  that  wUl  destroy,  ttot  ten,  or  fifteen,  or  twenty 
par  oent*  of  the  earth*e  inhabitatits,  as  pestUenoes  have  done  in  the 
piftt  bnt  one  btmdred  per  cent.,  and  eo  end  our  race.  No  one, 
ip«aking  from  Bcieiitific  gmtinds  alone,  caB  say  that  cannot  be.  And 
DO  one  can  diepate  that  some  great  disease  of  the  atmosphere,  mme 
tnolmg  oometary  poison,  eome  great  emanation  of  vapour  from  the 
blenor  of  the  earth,  each  as  Mr.  Shi  el  has  made  a  hriliiant  use  of 
in  his  '  Purple  Cltrnd/  is  consisbent  with  every  demonstrated  fact  in 
the  world.  There  maj  arise  new  animals  to  prey  npon  us  by  land  and 
■ea^  and  there  may  oome  some  drug  or  a  wrecking  madness  into  the 
idnda  of  toen^ 

A^d  finally «  there  is  the  reasonable  certainty  that  tbis  sun  of 
OQts  miial  some  day  radiate  itself  towards  extinction ;  that  at  least 
rniif  tkappen  i  it  will  grow  cooler  and  cooler,  and  its  planets  will 
ratftte  ever  more  sluggishly,  no  til  some  day  this  earth  of  ours,  tide- 
kfli  and  slow  moving,  will  be  dead  and  frozen,  and  all  that  has  lived 
apon  it  will  bo  fro^n  out  and  done  with.  There  surely  man  miist 
end.  That  of  all  snoh  nightmares  ts  the  meet  insistently  convincing. 
And  ye^l  one  doesn^t  believe  it.  At  least  I  do  not  And  I  do  not 
believe  in  these  things,  becMiuse  I  have  come  to  believe  in  certain 
g^er  things,  in  the  ooherency  and  purpose  in  the  world  and  in  the 
grtatnesB  of  human  deetiny.  Worlds  may  freeze  and  suns  may 
perish,  but  I  believe  that  there  stirs  something  within  ns  now  that 
ean  oever  die  again. 

Do  not  misunderstand  me  when  I  speak  of  the  greatness  of  human 
deatiJiy. 

If  I  may  ^>eak  quite  openly  to  you,  I  will  cunfesa  tbat,  oon- 
fidered  as  a  final  product,  I  do  not  think  very  much  of  myself  or 
(iaving  jomr  presence)  my  fellow-creatures.  I  do  not  think  I  oonld 
ponbly  join  in  the  worship  of  Humanity  with  any  gravity  or 
naeerity.  Think  of  it.  Think  of  tbe  positive  fnots.  There  are 
■erely  moods  for  all  of  us  when  one  cau  feel  Swift's  amasfcment^ 
thai  auch  a  Being  should  deal  in  Pride.  There  are  moods  when  one 
MB  join  in  the  laughter  of  Democritus ;  and  they  would  come  oftencr 
mf8  not  the  spectacle  of  human  littleness  ao  abundantly  shot  with 
pain.  But  it  is  not  only  witb  pain  that  the  world  is  shot — it  is  shot 
with  promise.  Small  as  our  vanity  and  carnality  make  us,  there  has 
bte&  *  day  of  fttiU  smaller  things.  It  is  the  long  aBcent  of  the  paet 
thai  glvda  the  lie  to  our  despair.  We  know  now  that  all  the  blood 
and  pamiotL  of  our  life  was  represented  in  the  i^rboniferous  time  by 
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aomething — something,  perhftps,  oold-blooded  and  with  a  clammy 
skin,  that  lurked  between  air  and  water,  and  fled  before  the  mightier 
fiflheB  and  amphibia  of  those  days. 

For  all  the  folly,  blindDess,  aod  pain  of  oar  lives,  we  have  come 
some  way  from  that.  And  the  distance  we  have  travelled  gives  ns 
some  earnest  of  the  way  we  have  yet  to  go. 

Why  should  things  cease  at  man  ?  Why  shonld  not  this  rising 
curve  rise  yet  more  steeply  and  swiftly  ?  There  are  many  things  to 
anggest  that  we  are  now  in  a  phase  of  rapid  and  unprecedented 
development  The  conditions  under  which  men  live  are  changing 
with  an  ever  increasing  rapidity,  and  so  fftr  as  oar  knowledge  goes, 
no  sort  of  creatures  have  ever  lived  under  changing  conditions  with- 
out undergoing  the  profoundest  changes  themselves.  In  the  past 
century  there  was  more  change  in  the  conditions  of  human  life  than 
there  had  been  in  the  previous  thousand  years.  A  hundred  years 
ago  inventors  and  investigators  were  rare,  scattered  men,  and  now 
invention  and  inqniry  is  the  work  of  an  organised  army.  This 
century  will  see  changes  that  will  dwarf  those  of  the  nineteenth 
century  as  those  of  the  nineteenth  dwarf  those  of  the  eighteenth. 
One  can  see  no  sign  anywhere  that  this  rush  of  change  will  be  over 
presently,  that  the  dream  of  a  new  static  culture  phase  will  ever  be 
realised.  Human  society  never  has  been  quite  static,  and  it  will 
presently  cease  to  attempt  to  be  static.  Everything  seems  pointing 
to  the  belief  that  we  are  entering  upon  a  progress  that  will  go  on 
with  an  ever  widening  and  ever  more  confident  stride  for  ever.  The 
reorganisation  of  society  that  is  going  on  now  beneath  the  traditional 
appearances  of  things  is  a  kinetic  reorganisation.  We  are  getting 
into  marching  order.  We  have  struck  our  camp  for  ever,  and  we 
are  out  upon  the  roads. 

We  are  in  the  beginning  of  the  greatest  change  that  humanity 
has  ever  undergone.  There  is  no  shock,  no  epoch-making  incident ; 
but  then  there  is  no  shock  at  a  cloudy  daybreak.  At  no  point  can 
we  say,  *'  Here  it  commences — and  now,  last  minute  was  night  and 
this  is  morning."  But  insensibly  we  are  in  the  day.  If  we  care  to 
look,  we  can  foresee  growing  knowledge,  growing  order,  and  pre- 
sently a  deliberate  improvement  of  the  bluod  and  character  of  the 
race.  And  what  we  can  see  and  imagine  gives  us  a  measure  and 
gives  lis  faith  for  what  sarpasses  the  imagination. 

It  is  possible  to  believe  that  all  the  past  is  but  the  beginning 
of  a  beginning,  and  that  all  that  is  and  has  been  is  but  the  twilight 
of  the  dawn.  It  is  possible  to  believe  that  all  that  the  human  mind 
has  ever  accomplished  is  but  the  dream  before  the  awakening. 

We  cannot  see,  there  is  no  need  for  us  to  see,  what  this  world 
will  be  like  when  the  day  has  fully  come.  We  are  creatures  of  the 
twilight.  But  it  is  ont  of  our  race  and  lineage  that  minds  will 
spring  that  will  reach  back  to  us  in  our  littleness  to  know  us  better 
than  we  know  ourselves,  and  that  will  reach  forward  fearlessly  to 
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eomprehend  tiiis  fatnre  that  defeats  oar  eyes.  All  this  world  is 
heavy  with  the  promise  of  greater  things,  and  a  day  will  come — 
one  day  in  the  anending  succession  of  days — when  beings,  beings 
who  are  now  latent  in  our  thoughts  and  hidden  in  oar  loins,  will 
stand  upon  this  earth  as  one  stands  upon  a  footstool,  and  laugh,  and 
reach  oat  their  hands  amidst  the  stars. 

[H.  G.  W.] 
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a«  K/.jfti  fiMto'trtwn      Is  vw  ur  tk^  Otevy 

«ihw  ikj  hm  fcrilliaas  £fleov«rT  of  ne  iiif^ii  of  tfe 

ftlUiM  4tfth«  ;  Mid  It  w  kcR  tihtt  Faz»MT  kad  &e  isvwittfeioa  of 

^  MMtttsfte  dill— iun  of   elecinj^sis;  h  ««t  aere  ^aft  vilk  kk 

mgnkr  exfcrnMstil  ikill  and  cfcarne»  <if  iMBgfct  he  dmuieged  and 

«XfMiBd«d  the  Iftwv  of  elcctrclTss  whxk  will  alvajs  he  ksowa  bj 

hiniMtte.     likthcfcfoge  wiA>  good  deal  c€  .llgil t^t  I  rtand 

liNirr!^  to  «wiiB«e  the  ttorr.  And  there  is  mnch  to  be  mid :  for,  like  all 
tffffs4  ^rjik^  TmnA^y»  work  baa  been  frcitfULaad  in  rnBaiiii|i.BUJ  of  il, 
aa  v^n  tm*4ikyb  genios  and  skill  of  Sibnqwnt  iBTwtigitma,  «e  now 
kaow  maeb  aUmt  eleetroijaie  which  Fazadaj  did  nol  and  eo«ld  nol 
ka^yw, 

71m  gr»^  difSeiiltj  left  waa  that  of  the  ntechuiiflii  of  eleetxoljaia. 
Thai  th«  catiMi  a&d  the  poaitiTe  eketricitj  tzavel  together  lowarda  the 
«aCk/^^  ftnd  that  the  negntiTe  electrieitj  sunilarlj  traTela  with  the 
uitum  Urwurdu  the  anode,  and  thai  on  their  amiml  al  the  eleeliodea 
th«  *t]*7Kirieiij  is  delivered  to  the  mptallir  conductor  and  the  matter  ia 
Mrt  frifif  Ut  Appear  as  the  ion  itself,  or  to  break  ap,  or  to  act  on  the 
#»l#9eir'/d«,  or  on  tbe  solTent,  or  on  something  present  in  the  solntion ; 
that  iii^  rjfiantit/  ^/f  each  ion  so  set  free  is  proportional  to  the qnantitj 
iff  itliitdrteiiy  traDsferred  from  tbe  ooe  electrode  to  the  other  and  to 
ih«  ^inifmUsiii  at  tbe  hm — that  is,  as  we  wonld  pat  it  now  (if  pmista 
will  allow  tin  U>  speak  of  the  atomic  weight  of  NH^  or  of  NO,),  to  the 
%Urtu'u;  w#;j^}it  <A  tbe  ion  dirided  by  its  Talencj ;  all  that  was  made 
tmi  hy  Kara/laj,  He  bad  made  some  way  in  finding  out  bow  tbe 
liitttruUid  ions  act,  wben  tbej  do  act,  on  tbe  things  in  the  presence  of 
wbiob  they  find  tbeouieWes ;  and  where  be  led,  others  haye  followed, 
tuf  that  we  bave  now  many  electrolytic  methods  of  oxidation,  of 
fwltietioti  and  of  sjmthesis,  and  great  mannfactoring  indnstries 
depending  <fn  electrolysis.  On  this  large  field  I  do  not  now  porpoee 
to  eater.     What  I  wish  to  call  your  attention  to  this  evening  ia  the 
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meehaninn  of  eleotrolysis,  or  perhape  I  should  say  the  prograss  that 
bis  been  made  towards  an  ezphmatioii  of  the  phenomena. 

The  earlier  theories,  firom  Grotthnss  *  in  1806,  all  assume  that  the 
deoomposition  is  cansed  by  the  attraction  of  the  electrodes  or  by  the 
ptMtge  of  the  current,  and  that  a  definite  electromotive  force,  different 
for  each  electrolyte,  is  required  in  order  that  decomposition  shall  take 
place.  According  to  these  theories,  if  the  electromotiye  force  is  below 
that  definite  minimnm  no  decomposition  can  occar  and  no  current 
can  pass. 

And  indeed  at  one  time  it  was  supposed  that  this  was  so.  But 
Faraday,  in  a  series  of  ingeniously  devised  and  carefully  executed 
experiments,  showed  that  with  electromotive  force  below  the  minimum 
necessary  for  the  production  of  bubbles  of  gas  on  the  electrodes,  a 
perceptible  cnrrent  coald  pass  for  many  days.  He  supposed  that  this 
small  current  was  due  to  non-electrolytic  conduction  by  ihe  electrolyte. 
But  the  study  of  the  phenomena  of  the  polarisation  of  the  electrodes 
led  ultimately  to  the  complete  explanation  by  Helmholtz  t  in  1873  of 
this  apparently  metallic  conduction  by  the  electrolyte,  and  to  a  proof 
tbat  any  electromotive  force,  however  small,  sends  a  current  through 
an  electrolyte  and  gives  rise  to  separation  of  the  ions  proportional  to 
the  amount  of  electricity  transmitted. 

The  phenomena  of  the  polarisation  of  the  electrodes  may  be 
described  shortly  as  follows.  In  the  electrolysis  of  water  (or  rather 
of  dilute  sulphuric  acid)  it  had  been  observed  so  long  ago  as  1802 
that  platinum  or  silver  plates  which  had  been  used  as  electrodes 
acquired  peculiar  properties,  so  that  for  a  short  time  the  plate  that  had 
been  the  anode  acted  like  the  silver,  and  the  plate  that  had  been  the 
cathode  like  the  zinc  of  a  voltaic  cell,  producing  a  short>lived  and 
rapidly  diminishing  current  This  observation  was  first  made  by 
Gantberot }  a  teacher  of  music  in  Paris,  who  notes  the  effect  of  the 
current  on  the  tongue  and  states  that  he  had  succeeded  in  decomposing 
water  by  means  of  his  apparatus.  Shortly  after,  J.  W.  Bitter,  appar- 
ently without  knowing  anything  of  Gautberot's  work,  made  a  great 
many  observations  on  the  same  subject.  I  cannot  refrain  from  reading 
to  yon  a  passage  from  a  letter  from  Christoph  Bernoulli  to  van  Mons. 
I  take  it  from  the  translation  published  in  Nicholson's  Journal, 
October  1805.  '*  As  Mr.  Bitter  at  present  resides  in  a  village  near 
Jena,  I  have  not  been  able  to  see  his  experiments  with  his  grand 
battery  of  two  thousand  pieces,  or  with  his  battery  of  fifty  pieces, 
each  thirty-six  inches  square,  the  action  of  which  continues  very  per- 
ceptible for  a  fortnight.  Neither  have  I  seen  his  experiments  with 
the  new  battery  of  his  invention,  consisting  of  a  single  metal,  and 
which  he  calls  ike  charging  pile, 

*  GrotthuM,  Annales  de  Chimie,  Iviii.  p.  54  (1806). 

t  Helmholtz.  P^g- 150,  p.  483  (1873) ;    Faraday  Lecture,  Chem.  Soc.  Trans. 
».  p.  287  (1881) ;  Wied.  84,  p.  737  (1888). 

X  Qantheiot,  Annalet  de  Chimie,  xxxix.  p.  203  (1801). 
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*  I  bftTe  freqoeftzlT.  iiwfver.  nen  liim  gmlTmnise  loois-d'or  lent 
hJa  br  jiumooM  preaenx.  T  ^  tifees  iiikL  be  pbcas  the  kmis  between 
tvo  pwees  of  psfiSebcttrd  i^:«-:«22It  wtXbtd^  Mod  keeps  it  six  or  eight 
MJTa-nes  in  the  ^Ain  <{  GrcrHMskm,  «fizi±«:i^  with  the  pile.  Thus 
the  ioois  beeGoes  chftz^ed.  withoos  bei^  iaaaediUelT  in  contact  with 
the  ojadocting  wii«s.  If  ihis  loni^  t«  ai^^  sfterwmi^is  to  the  cmnl 
nerrw  of  s  h^  reeentlj  rrepued.  the  nsaal  ocotzaetions  will  be 
excited.  I  had  pnt  a  loois  thus  ^vvaised  into  my  pocket,  and 
Mr.  Kitter  aaid  to  me  a  few  minaxes  after,  that  I  might  find  oat  this 
loids  &Qm  among  the  rest,  br  trring  them  in  succession  npon  the  frog. 
AeoozdingiT  I  made  the  trial,  and  in  x«alitT  distingnished  among 
seTeral  odiert  a  single  one,  in  which  the  exciting  quditr  wss  Tory 
eridoit.  This  charge  is  retained  in  proportion  to  the  time  that  the 
pieee  has  remained  in  the  eircnit  of  the  pile.  It  is  with  metallic  discs 
charged  in  this  manner,  and  placed  upon  one  anotho-  with  pieces  of 
wet  pasteboard  aliemfttely  interpi^ed,  that  Mr.  Ritter  oonstmcts  his 
chaiging  pile,  which  ooght  in  remembrance  of  its  inrentor  to  be  called 
the  Biitfriam  pile,  Mr.  Ritter  made  me  obserre.  that  the  piece  of  gold 
galraniaed  by  conmmnieatiou  exerts  at  once  the  action  of  two  metals, 
or  of  one  constitnent  of  the  pile  ;  and  that  the  half  which  was  next 
the  negatiye  pole  while  in  the  circle  became  positiye,  and  the  half 
toward  the  positire  pole  became  negatire." 

Bmgnatelli  *  suggested  that  the  polarissticm  of  the  plate  which 
daring  the  electrolysis  had  given  off  hydrogen  was  doe  to  a  compound 
of  hydrogen  with  the  metal  of  the  electrode.  Bat  it  was  not  nntil 
Schdnbein  discussed  the  question  in  1839 1  that  a  systematic  attempt 
was  made  to  settle  it  by  experiment.  Schdnbein's  results  were  in 
favour  of  the  view  that  the  polarisation  is  due  to  the  formation,  on 
the  surfaces  of  the  electrodes,  of  thin  sheets  of  the  products  of  the 
electrolysis. 

>iow  the  old  theories  assume  that  if  we  begin  with  very  small 
electromotive  force  and  gradually  increase  it,  we  have  at  first  a  state 
of  tension,  the  electromotive  force  ro  to  speak  pulling  at  the  ions, 
that  this  tension  increases  as  the  electromotive  force  increases  till  it 
becomes  sufficient  to  pull  the  ions  apart.  If  this  were  so  there  should 
be  no  current  and  no  electrolysis  till  the  electromotive  force  reaches 
a  certain  amount,  and  then  suddenly  a  very  great  current,  and  some- 
thing like  an  explosive  discharge  of  gas ;  for  many  molecules  would 
be  in  the  very  same  state  of  tension  and  all  would  give  way  at 
once. 

When  the  electrolytic  decomposition  of  water  was  first  observed, 
as  it  was  (by  Nicholson  and  Carlisle)  immediately  after  the  publica- 
tion of  Volta's  firHt  description  of  the  pile,  the  great  difficulty  felt  by 
every  one  was  that  the  hydrogen  and  the  oxygen  came  off  at  different 
places   which  might   be  far  apart.     Grottbuss's  theory  no  doubt 


*  lirugnatelli,  Gilbert'd  Annalen,  xxiiL  p.  202  (1806). 
t  ISchunbein,  Pogg.  zlvi«  p.  109 ;  xlvu.  p.  101  (1839). 
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expliined  ibis,  bnt  after  the  proof  of  a  cause  of  polarisation  given  by 
Scbonbein,  and  the  accomnlating  eyidenoe  that  Ohm's  law  applies  to 
deetrolytic  as  well  as  to  metallic  condaction,  no  one  could  hold  or 
d^end  Grotthass's  theory,  although  it  was  retained  as  a  sort  of 
mikeshifl  until  someone  conld  think  of  something  better.  The 
someUiing  better  was  produced  by  Olausius  in  1857.*  Clausius  was 
one  of  the  eminent  physicists  to  whom  we  owe  the  kinetic  theory  of 
gttes,  and  his  theory  of  electrolysis  is  derived  from  an  application  to 
fioktioDS  of  the  ideas  involved  in  this  kinetic  theory.  He  supposes 
thtt  the  molecules  of  the  electrolyte  move  through  the  solution  as 
tike  molecules  of  a  gas  move,  that  they  collide  with  one  another  as 
t]ie  gas  molecules  do,  and  that  it  must  happen  that  here  and  there 
ioD8  get  separated,  and  remain  separated  for  a  time,  cation  again 
uniting  with  anion  when  two  of  them  meet  under  favourable  con- 
ditions. There  will  thus  always  be  some  detached  ions  moving 
about  just  as  molecules  do.  They  will  not  always  be  the  same  ions 
that  are  thos  detached,  and  a  very  small  proportion  of  such  loose 
iooB  will  suffice  to  explain  the  phenomena.  These  loose  ions  retain 
in  their  separate  condition  the  charges  of  electricity  which  they  had 
when  united,  the  cations  being  positively  and  the  anions  negatively 
charged.  This  is  assumed  to  be  the  state  of  matters  in  any  solution 
of  an  electrolyte.  If  now  into  such  a  solution  we  place  two  electrodes 
with  any,  however  small,  difference  of  potential,  the  cathode,  being 
negative,  will  exercise  an  attraction  upon  the  positively  charged 
cations,  and  the  positive  anode  will  exercise  a  similar  attraction  on 
the  negatively  charged  anions,  and  thus  the  looso  ions,  which  before 
the  introduction  of  the  electrodes  moved  about  in  the  liquid  with  no 
definite  preferred  direction,  will  on  the  whole,  now  that  the  electrodes 
have  been  introduced,  move  preferably,  the  cations  towards  the 
catho<le,  and  the  anions  towards  the  anode,  and  those  which  are  near 
the  electrodes  will  be  drawn  to  them  and  discharge  their  electric 
charge.  This  theory  seems  therefore  to  explain  the  phenomena. 
The  essential  difference  between  it  and  all  previous  theories  is  that 
Clausius  does  not  attribute  the  decomposition  to  the  current  or  to  the 
attraction  of  the  electrodes ;  what  the  attraction  of  the  electrodes  does 
is  to  separate  the  ions  already  disengaged  from  one  another,  and  this 
the  smallest  electromotive  force  can  do.  The  theory  is  so  far 
adequate,  but  is  it  admissible  ?  Can  we  suppose  that  hydrogen  and 
chlorine  atoms  can  move  uncombined  through  the  solution  ?  It  is  to 
be  noted  that  while  Clausius  does  not  give  any  opinion  as  to  the 
proportion  of  looso  ions  to  the  total  ions  in  any  case,  he  assumes  that 
this  proportion  increases  as  the  temperature  rises,  on  account  of  the 
greater  briskness  of  the  movements  of  the  particles,  and  points  out 
that  this  is  in  accordance  with  the  fact  that  electrolytes  conduct 
better  as  the  temperature  is  higher.  But  he  says,  "  to  explain  the 
conduction  of  the  electricity  it  is  sufficient  that  in  the  encounters  of 


*  ClausiuB,  Pogg.  oi.  p.  338  (1857> 
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ibe  molecules  tm  exchange  af  ioiis  sliotild  take  plftce  here  and  there, 
«id  perhaps  comparatitely  rarely,** 

In  this  conueetion  we  may  look  mi  the  Tiewfi  expressed  by 
Williiimsoti  m  his  paper  on  the  theory  of  etherification,*  He 
^J^  "  we  are  thus  forced  to  ftdmit  that  in  an  aggregate  of 
molecaloB  of  any  compound  thf^re  is  an  exchange  oonsUntly  going  on 
iMtween  the  elements  which  are  contained  in  it.  For  inBtance,  a  drop 
of  hydrochloric  acid  being  snppoeed  to  be  made  up  of  a  great  number 
of  molecules  of  the  composition  ClH,  the  propositioii  at  which  wo 
have  jast  arrived  would  lead  nt  to  believe  that  each  atom  of  hydrogen 
doefi  not  remain  quietly  in  jaxtapoeition  with  the  atom  of  chlorine 
with  which  it  first  anited.  but,  on  the  contrary,  ie  constantly  changing 
^^lacee  with  other  atoms  of  hydrogen,  or  what  is  the  eame  thing, 
langtng  chlorine."  Williamson  founded  this  opinion  on  the  dh- 
served  facts  of  double  decomposition.  He  made  no  application  of 
this  view  to  the  caee  of  electrolysis,  and  indeed  does  not  explicitly 
mention  the  teraporaxy  detachment  of  the  atomfl  during  the  process 
of  exchange ;  this  is  wholly  dae  to  Ciausius,  who  arrived  at  his  views 
as  to  the  exchangeB  going  on  in  a  solution  in  a  way  quite  different 
from  that  followed  Ijy  Williamson^  and  quite  independently.  It  was 
not  then  known  ho^v  closely  double  decomposition  and  electrolysis 
are  connected.  We  may  perhaps  get  a  clearer  idea  of  Clausius's 
theory  by  imagining  the  pheuomenou  to  take  place  on  a  scale  such 
that  we  could  see  the  individual  ions.  Let  us  then  imagine  a  large 
field  with  a  large  number  of  men  in  it,  each  mounted  on  a  hor^. 
We  shall  further  suppose  that  all  the  men  are  exactly  alike  and  that 
all  the  horses  are  exactly  alike.  They  are  moving  at  random,  most 
of  them  at  about  the  same  rate  but  a  Cew  of  them  faster^  a  very  few  of 
them  considerably  faster,  a  few  of  them  slower^  a  very  few  of  them 
considerably  slower,  than  the  average.  They  move  in  straight  lines 
until  they  meet  an  ohetacle  which  makes  them  deviate.  This  obstacle 
will  often  be  another  man  and  horse.  The  ooUision  will  give  both  a 
shake,  and  will  sometimes  dismount  one  or  both  of  the  riders. 
When  this  happens  each  will  look  for  a  horse,  and  as  all  the  horses 
are  exactly  alike  the  horse  such  a  dismounted  man  finds  and  mounts 
will  not  always  be  the  one  he  came  down  from.  But  in  any  case 
there  will  be  always  in  the  field  some  men  without  horses  and  some 
horses  without  men.  And  the  quicker  the  average  pace  the  larger 
will  be  the  proportion  of  dismounted  men  and  riderless  horses  to  the 
total  number  of  men  and  horses.  And  this  not  only  becanee  there 
will  be  more  and,  as  a  rule,  more  violent  collisions,  but  also  because 
the  dismounted  men  will  have  more  difficulty  in  catching  horsesi 
although  to  keep  up  the  analog;  of  the  ions  we  must  suppose  the 
horses  to  be  as  anxious  to  be  caught  as  the  men  are  to  catch  them. 
If  it  does  not  make  my  allegory  too  groteeque  we  might  suppose  places 
with  attractions  fur  men  und  for  horses  ro>pectively,  to  correspond 
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to  libi  deebodes,  bo  ihrn^t  a  man  looking  for  a  horec  wonld  on  the 
vbole  mtber  go  in  the  direction  of  lunch  than  away  from  it^  and  if  he 
^  near  the  refreehin^iit  room  before  he  found  a  botse,  he  would 
look  in  there.      An  objectioo  was  made  to  Claneius's  theory  that  the 
ama  thing  wMcb  he  snppoeed  to  happen  in  fiolufcioii,  eaj  of  hydro- 
cUofic  acid^  ongkt  alao  to  happen  in  the  ga«.     We  are  not  jet  in  a 
potitioii    to    discrnss  this  point  with  much  prospect  of  obtaining   a 
jadoiAf  Bfttiefactory  explanation   of  the   difficulty,  although  some 
frogrcM  towards  an  intelligible  theory  has  been  made,  but  at  the  risk 
olWiiifl  tedious^  I  ma  J  indicate  that  mj  allegory  may  show  us  that 
we  utm  sot  despair  of  finding  in  due  time  an  answer.     Let  ns  suppoae 
tk&tm  the  fi^eld  there  are  not  ooly  men  and  horses  but  also  a  large  Dum- 
ber of  other  moTing  objects,  let  us  aay,  by  way  of  example,  cows.     It 
tMDS  plain  that  whether  the  presence  of  the  cow6  would  increase  the 
Stance  of  a  man  being  dismoimted  or  not,  it  would  sensibly  interfere 
with  his    cbanca  of  catching  a  horse  if  be  were.     And  it  wlU  be 
admitted  thai  the  nature  and  size  of  these  other  moving  objects  must 
esermBS  &n  inflaenoe  on  the  proportion  of  horseless  men  and  riderless 
tiorsea  to  the  total  n  urn  ben     But  these  other  moTing  objects  represeut 
the  molecules  of  the  solvent,  so  that  we  need  not  be  surpriaed  when 
vi  find  that  the  electrolytic  condnctiTity  ib  affected  by  the  nature  of 
the  t&lTent,  and  that  where  there  is  na  solTeut  the  conductirity  is 
very  ^nall  or  even  nothing. 

A  Tery  important  question  was  left  only  partially  answered  by 
Fftfaday.  It  is,  What  substances  are  electrolytes?  Faraday  con- 
the  water  in  dilute  acid  as  the  electrolyte,  and  the  acid  as  a 
having  the  power  of  increasing  the  conductivity  of  the 
vftter.  When  a  solatioii  of  sulphate  of  copper  was  electrolysed,  he 
mtpiKwed  that  the  water  was  primarily  decompoecd  aud  that  the 
metallic  copper  was  a  secondary  product  reduced  by  the  nascent 
hydrogen.  He  says,*  **  I  have  experimented  on  many  bodies,  with  a 
view  to  determine  whether  the  resulte  were  primary  or  secondary.  I 
bave  been  surprised  to  find  how  many  of  them,  in  ordinary  ca^es^  are 
of  the  latter  class,  and  how  frequently  water  is  the  only  body  electro- 
lyied  in  instances  where  other  subs  tan  ces  have  been  supposed  to  give 
¥iy.**  From  our  present  point  of  view  many  of  UB  would  rather  say 
Ibat  the  direct  electrolysis  of  water  very  rarely  occure,  except  to  a 
vtty  small  extent. 

^1839  Daniell  began  a  series  of  ingeniously  derised  and  skiLfully 
OMXlted  experiments  with  the  view  of  determiiiing,  in  the  case  of 
nit  solutions,  whether  it  is  the  salt  or  the  water  which  is  primarily 
electrolysed.  The  results  appearetl  in  two  letters  from  Baniell  to 
Fanday  in  18S9  f  and  18404  "*^  ^°  ^  paper  by  Daniell  and  W*  A. 
mUer  ia   lS4i,§    all  published  in  the  TrausactioDS  of  the  Royal 

•  Panda jt  Eiperlmental  Reae*Tghea  in  Electricity,  par.  751  (1834)^ 

f  Oatjiell,  Ptiif.  Trana,  1839,  p,  97. 

i  Op^isiL  1840,  p.  209. 
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Socie^.  Tlie  pttipo«e  of  theee  mvettigitioiifl  w%s  fttt&med,  and  it 
was  oompletely  proved  tliat  in  refer^iee  to  thdi-  betaTiour  as  electro- 
Ijtea  there  was  do  differenoe  between  saj  potassium  chloHde  and 
potaaaiiim  nitrate,  except  that  in  the  lalter  some  ammonia  was  f{>mied 
at  ihe  cathode  bj  the  redacing  action  of  the  nascent  hydrogen^  and  it 
WW  dearly  shown  that  from  an  electrolytic  point  of  Tiew  all  the 
oxygen  actda  and  their  salts  fell  into  line  with  hydrochloric  acid  and 
the  chlorides,  and  that  NH^  was  electrolytic^lly  perfectly  analogous 
to  K.  Ther©  is,  however,  an  interest  ta  the«©  papers  beyond  this 
important  result  In  the  earlier  part  oi  the  work  the  authors  mea- 
sured the  amount  of  electrolysis  not  only  by  "  the  amount  of  ions 
disengaged  at  eithar  or  both  olcctrodeg  by  the  primary  action  of  the 
current  or  the  teooudai'y  action  of  the  eletneuti^,"  but  also  tried  to 
obtain  a  check  to  this  way  of  meaanriug,  by  using  a  diaphragm  in 
the  electrolytic  cell,  and  analysing  the  contents  of  the  two  parts  of 
the  cellj  the  one  on  the  anode  side  and  other  on  the  cathode  side  of 
the  diaphragm.  This  check  was  ^  fuunded  on  the  hypothesis  that 
tlie  Yoltaic  decomposition  of  an  electrolyte  is  not  only  effected  by  the 
disengagement  of  ils  anion  and  cation  at  their  respective  electrodes^ 
but  by  the  equivalent  transfer  of  each  to  the  electrode?,  so  that  the 
measure  of  the  quantity  of  matter  translated  to  either  side  of  the 
diaphragm  might  be  taken  aa  the  measure  of  the  electrolysis."  They 
soon  found  that  this  hypothesis  was  unfit  to  f^iye  any  such  measure- 
rnent^  and  in  the  paper  of  1844  state  that  their  results  show  that  the 
hypothesis  of  equivalent  transfer  of  the  ions,  **  although  generally 
received,  is  itself  destitute  of  foundation." 

The  non^uivalent  transfer  of  the  ions,  incidentally  observed  by 
Daniel!  and  Miller,  and  imperfectly  mensured  by  them  in  a  few 
cases,  was  made  the  subject  of  a  long  and  elaborate  series  of  ei peri- 
men  ta  by  Hittorf.  The  work  ei tended  over  six  yeare  from  18o3  to 
1869  •  and  is  a  moDumeut  of  patient  labour  and  of  happy  adaptation 
of  means  to  a  clearly  perceived  end.  The  importance  of  the  work 
was  not  at  first  recognised  by  either  physicists  or  chemists,  indeed 
its  meauiug  was  Bcareely  understood.  I  sball  try  to  put  before  you 
as  shortly  as  I  can  au  outliue  of  tbo  ideas  involved  in  the  work,  and 
of  the  most  iraportunt  conclusions  arrived  at  by  Hittorf.  As  the 
ttuious  and  the  cations  are  separated  at  their  respective  electrodes  in 
eq^uivalent  quantity,  that  is,  in  the  case  where  the  valency  of  anion 
and  cation  is  the  same,  in  equal  nnmberSj  it  never  occurred  to  any 
one  to  doubt  that  they  travelled  towarils  the  electrodes  at  the  same 
rate,  until  Dftniell  and  Miller  showed  that  this  bypothesis  is  errone- 
ous. To  follow  their  reasoning  and  that  of  Hittorf  we  may  take  an 
imaginary  case,  and  suppose  an  electrolyte  MX  with  its  cation  M 
and  its  anion  X  of  such  character  that  these  ions  when  separated  at 
the  electrodes  can  be  removed  from  the  solution  completely  and  at 


*  Hittotf.  Po^g.  latiiii,  i>.  177  (1H53);  xcriii  p  I  (1850)^  ciiL  p.  J  (1658)  : 
evi.  pp.  aa7  and  513  (lb5l*>    Aieh.  NeerJaiid.  (U,)  vL  p.  ti71  (190J> 
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onoe,  and  tliflt  the  el^ctroljiiiH  is  carried  on  in  »  vessel  proyided  with 
^FO  eompartments,  ono  oaDtaiuing  the  cathode  and  the  other  the 
■node,  gBch  thai  whatever  happens  at  an  electrode  dball  affect  only 
the  ooQtenta  of  the  compartment  containing  that  electrode,  and  so 
arrmsgdd  that  the  liquid  contained  in  each  compartment  can  be 
eotnpletely  removed  from  it  and  analysed.  Now,  let  us  first  auppose 
MjL  to  be  midh  that  its  ions  travel  at  the  eame  rate.  In  the  time 
Ibea  in  which  one  M  has  entered  the  cathode  compartment  one  X 
has  left  it.  There  is  at  this  moment  an  excess  of  two  M's  in  this 
«oiiip«rtnieQt,  these  are  deposited  at  the  cathode,  and  now  the  con- 
«6D^»tioB  of  the  solution  in  this  compartment  is  diminished  by  one 
MX.  Similarly  at  the  anode  during  the  same  time  one  X  has 
«Dltred  ftnd  one  M  has  left,  two  X*s  have  been  deposited  and  the 
•olntlon  baa  lo§t  one  MX.  In  this  case,  then,  where  the  two  sets  of 
iiniA  travel  at  the  same  rate,  the  loss  of  solute  is  the  same  at  the  two 
eleetrodes.  Let  ne  now  suppose  an  extreme  case  in  which  one  of 
the  eets  of  tone  (say  the  ca Lions)  does  not  travel  at  all.  In  the 
time  in  which  one  X  leaves  the  cathode  compartment  no  M  enters  it^ 
tha  ^oe£B  of  one  M  ia  deposited}  and  the  sol u tie d  hero  has  lost  one 
IDL  At  the  anode  one  X  has  entered  and  no  M  has  left,  the  X  is 
dflpomted,  and  the  solution  here  has  lost  no  MX.  Again,  take  the 
CMe  tliat  the  anions  travel  twice  as  fast  as  the  cations.  Hero  in  the 
tbae  in  whioh  one  M  enters  the  cathode  compartment  two  X's  leave 
it,  the  ezceis  of  three  B£'s  is  deposited,  and  the  solution  has  lost  two 
MX'a.  At  the  anode  during  the  same  time  one  M  has  left  and  two 
X*B  hATe  entered,  the  three  X's  have  been  deposited  and  the  solution 
baa  lost  one  MX.  Of  course  It  will  be  seen  that  the  excess  of  one 
Mud  in  a  compartment  consists  not  only  of  what  enters  it,  but  also 
of  the  ezccaa  lesalttng  from  the  departure  of  the  other  kind.  With- 
oal  taking  any  more  cases  we  at  once  see  that  the  speed  of  the  cation 
m  t&  that  of  the  anion  a^  the  loss  of  solute  at  the  anode  is  to  that 
•fe  tbd  cathode.  This  uon -equivalent  transfer  has  sometimes  been 
dflseribed  in  another  way.  It  has  been  said  that  the  ions  go  at  the 
Hme  mto,  biit  that  at  the  same  time  the  solute  as  a  whole  is  being 
WBfwed  towards  one  of  the  electrodes.  But  this  really  is  the  same 
thing.  If  we  imagine  two  processions  walking  with  the  same  length 
«f  alep  msd  the  same  number  of  steps  a  minute  in  opposite  directions 
iB  mcb  a  moving  platform  as  that  in  the  Paris  Exhibition,  we  might 
Ml  doubt  aay  that  the  two  walked  at  the  same  rata,  they  could  not  be 
«id  lo  iropel  at  the  same  rate.  Hittorfs  way  of  patting  it  ia  not 
only  tbe  simpler  way^  it  is  the  only  way  that  agrees  with  what  has 
nee  been  made  out  as  to  the  rate  of  movement  of  the  ions. 

Hittorfs  work  had  to  wait  long  for  recognition,  but  we  now  know  its 
great  importance,  not  only  on  account  of  the  large  number  of  accurate 
tiiCiMTirrfrufTitn,  but  also  because  of  the  general  conclusioDs  he  drew 
froni  them^  He  deduced  from  the  transfer  numbers  conclusions  as 
to  tlie  natnre  of  the  solute,  showiugf  for  inBtance,  that  solution  of 
chloride  electrolyses  aa  hydrochloric  acid,  the  stannic  chloride 
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being  compietelj  hydrolysed.  He  also  ebof^ed  th&t  eucb  double  ealU 
a»  KCN,AgCN  ;  SKCl^PtCl^ ;  and  KCl^AnOl^,  Have  potassium  for 
their  only  cation^  the  silver ^  the  platintim  and  the  gold  forming  part 
of  the  aDJon.  He  also  showed  that  2Kl,Ct]l2  behaves  as  a  siugle 
salt  with  K  &&  cation  when  the  conceDtration  h  great,  bat  as  two 
salts  with  cadmium  as  weH  as  potasi^iam  as  eattoii  in  dilate  solution* 
In  these  and  in  similar  cases,  Hifctorf  made  a  valuable  contributioD 
to  the  theory  of  double  salts.  But  perhaps  the  most  striking  generali- 
sation is  that  contained  in  the  words  ^*  electrolytes  are  ^alts/^  and 
his  very  instructive  comparison  of  the  readii]a>B  with  whieb  a  snb- 
stance  enters  into  double  decomposition  and  the  readine^  with  which 
it  can  be  electrolysed.  With  the  fairnese  to  his  predecessors  which 
is  eharaeteristic  of  him,  he  quotes  an  almost  forgotten  statement  of 
Qay-Lussao  to  something  like  the  same  effect. 

Ladies  and  Gentlemen, — I  wish  here  to  tell  you  that  within  the 
la&t  three  weeks.  Professor  Hittorf  entered  on  the  fifty-first  year 
of  bis  professorship.  The  of&cials  of  the  Hoyal  Institution  have 
authorised  me  to  ask  our  OhairmaB,  Lord  Kelvin,  to  send  your  con- 
gratulations to  Frofessor  Hittorf  on  his  jubilee. 

We  now  oome  to  another  tuming  point  in  the  development  of 
the  theory  of  electrolysis,  inseparablj  associated  with  the  name  of 
Eohlrausch**  It  is  to  Kohlrausch  and  to  those  who  worked  with 
him  that  we  owe  the  methods  for  the  accurate  determination  of  the 
conductivity  of  electrolytes.  I  need  not  give  a  description  of  the 
apparatus.  It  is  now  used  in  every  laboratory,  and  by  means  of  it  a 
series  of  observations  of  the  conductivity  of  an  electrolyte  can  be 
made  at  different  concentrations  in  a  very  short  time.  An  early  result 
of  Eohlraufich's  investigation  was  his  discovery  that  "  all  acids  which 
have  been  examined  in  strong  solutions  show,  fur  a  definite  propor- 
tion of  water,  a  maximum  of  conductivity,"  and  he  shows  that  for 
many  other  electrolytes  there  is  a  solution  which  conducts  better 
than  one  either  a  little  more  or  a  little  less  concentrated.  Thus  the 
maxima  of  conductivity  of  the  following  acids  are  at  the  following 
percentages  r  HNO3  29  ■  7  jier  cent, ;  HCl  18  ■  3  per  cent ;  H3SO4 
80*4  per  cent,;  HCjHjO^  16 '6  per  cent.  "The  maximal  acetic 
acid  conducts  at  least  38,000  times  better  than  concentrated  acetic 
acid."  In  connection  with  this  he  says,  **  we  do  not  know  one  single 
liquid,  which  at  ordinary  temperature  is,  by  itself,  a  good  electro- 
lytic conductor.*'  He  refers  the  trace  of  conductivity  in  H^SO^  to 
the  dissociation  into  water  and  SO3  observed  by  Marignac  and  by 
Pfaundler,  and  observes  that  as  up  to  the  present  time  we  know  only 


*  Eohlnnaoh  and  Nippoldt,  Fogg,  cxxsviii.  p.  SSO  (1868);    Eohliaiuoli, 

*°SS'  Jabelbaod,  p.  290  (LS74);  Kolilrsti^cii  und  Grotrinn,  Pogg.  tstiv.  pp. 
Fl  and  215  (1875J;  Grotrian,  civil,  p.  130  (1876);  KohlraUHch,  eUi.  p.  233 
(X876>  Oottinger  Naohrichten,  187^,  p.  213.  Wied,  vj.  p,  1  (1879) r  xL  p.  66.H 
(lg80>. 
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ndxtoree  wliich  at  ordiiiArj  temperatore  oondnet  well,  the  snpposi- 
tian  is  not  mmatiiral  that  it  is  mixture  that  makes  electrolytes  good 
condiictors.  And  agaio,  if  what  has  heen  said  is  correct,  we  most,  in 
order  to  baTO  good  condnctioii,  protect  the  wandering  constituents 
from  frequent  meeting  with  one  another,  and  this  service  is  performed 
by  the  solrent,  wbicih  makes  it  possible  for  the  ions  to  get  over  a 
part  of  ibeir  journey — and  so  much  larger  a  part  the  more  solvent 
there  is — ^wimont  re-forming  molecules.  It  is  this  suggestion  which 
I  Tentared  a  little  while  ago  to  pnt  into  an  allegorical  form. 

In  order  to  oompare  the  condnctiYitj  of  one  electrolyte  with  that 
of  mother,  it  is  necessary  that  we  choose  comparable  quantities  of 
tiietwo,  and  there  is  no  difficulty  in  seeing  that  such  comparable 
qmntitieB  are  those  decomposed  by  the  same  current  of  electricity — 
that  is  to  say,  tbe  electro-chemical  equivalents  of  the  electrolytes. 
Aocindinglj,  instead  of  expressing  the  concentration  in  percentage 
of  the  solute,  Koblrausch  uses  "  molecular  numbers."  The  molecular 
number  of  a  solution  is  the  quantity,  in  grams,  of  the  solute  con- 
teined  in  a  litre  of  the  solution  divided  by  the  equivalent  of  the 
lolute.  Dividing  the  conductivity  of  a  solution  by  its  molecular 
number  gives  its  molecular  conductivity.  It  will  be  seen  that 
"  moleeuUr "  is  not  used  here  in  its  ordinary  chemical  sense,  but  as 
the  meaning  is  quite  distinctly  stated  no  confusion  need  arise. 
Kohlranacb  showed  that  the  molecular  conductivity  increases  as  the 
solution  becomes  more  dilute,  and  with  extreme  dilution  approaches 
a  constant  value. 

I  now  show  an  experiment  to  illustrate  this. 

The  apparatus  *  consists  of  an  electrolytic  cell  in  the  form  of  a  tall 
reetangnlar  trough,  the  back  and  front  being  broad  plates  of  glass, 
while  the  sides  are  composed  of  narrow  strips  of  wood  completely 
lined  with  silver  foiL  The  bottom  of  the  cell  is  made  of  non-con- 
doeiing  material  The  two  sheets  of  silver  serve  as  electrodes,  being 
eonnected  to  binding  screws  by  means  of  external  wires.  The  cell 
is  introduced  into  a  battery  circuit  along  with  a  galvanometer  of  low 
resistance.  If  the  cell  be  filled  with  pure  water  there  is  scarcely  an 
appreciable  current  transmitted.  On  removing  the  water  and  pour- 
ing in  20  cc  of  a  i-normal  silver  nitrate  solution,  so  as  to  cover  the 
hSxam  to  a  depth  of  a  few  millimetres,  a  current  passes  as  indicated 
by  the  galvanometer.  If  pure  water  be  now  added  in  successive 
portions  and  the  solution  stirred  after  each  addition,  an  increase  in 
the  strength  of  the  current  is  observed,  the  increase  being  greatest 
after  the  first  dilution,  and  becoming  less  with  each  succeeding  dilu- 
tion, so  that  a  maximum  is  approached.  In  this  experiment  the 
distance  between  the  electrodes  is  constant,  and  the  area  of  the 
electrodes  and  of  the  cross-section  of  the  conducting  solution  are 
pfoportional  to  the  volume  of  the  solution,  and  the  quantity  of  the 

*  From  a  paper  by  Noyee  and  Blanchard,  in  the  Zeitaohrift  fUr  physikalische 
Ohflnie,  zxxvL  p.  9  (1901). 
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salt  ia  coeBtant ;  therefora  any  ohonge  la  the  sfcreDgth  of  the  otureat 
means  a  corresponding  cbasge  in  the  molecnlar  condnctirity  of  the 
diseoWed  salt.  The  molecular  conductivity,  therefore^  increases  with 
the  dilution,  and  asymptotically  approaches  a  maximum* 

I  cannot  here  enter  into  a  description  of  the  great  experimental 
difficultios  connected  with  the  detenuination  of  the  conductivity  of 
extremely  dilute  eolutions,  but  I  may  refer  to  one  of  them,  namely 
the  small  but  variable  conductivity  of  the  water  n&ed  in  preparing 
the  aolutiiou&.  There  seems  now  to  be  no  doubt  that  water  is  in 
itself  an  electrolyte.  Bat  the  purest  water  that  has  been  obtained 
has  a  conductivity  of  only  about  10"'^  as  compared  with  that  of 
mercury  as  unit.  The  minutest  traces  of  salts  greatly  increase 
the  conductivity,  so  that  ordinary  distilled  water  has  a  conductivity 
of  3  X  10"  ^"  or  more.  With  solutions  of  moderate  dilution  the 
variation  of  this  veiy  small  quantity  is  of  little  conBequence,  but 
with  eitrcmoly  dilute  solutions  the  conductivity  to  be  measured  is  of 
the  aamo  order  as  that  of  the  water. 

For  our  present  purpose  the  moat  important  conelnaion  drawn  by 
Eohlrauflch  from  his  observations  is  hia  law  of  the  independent  rate  of 
motion  of  the  ions  in  dilute  solutions.  The  rate  of  motion  of  any  ion 
towards  the  electrode  depends  on  the  gradient  of  potential*  But 
Eohlranach  shows  that  the  rate  of  motion  of  eat^'h  ion  in  dilute  solution 
is  proportional  to  a  number,  the  same  whatever  be  the  other  ion  of  the 
electrolyte.  Thus  the  rate  at  which  the  cation  K  moves  towartls  the 
cathode  in  dilute  solution,  is  the  same  in  aolntiona  of  KCl,  KNO^, 
KC^K^O^,  etc.  Eohh-anacb  gives  these  numbers  for  six  cations  and 
ten  anions.  The  reenlta  calculated  from  these  numbers  agreo  well 
with  the  observed  conductivities* 

Methods  have  been  devised  for  directly  observing  and  measuring 
the  rate  at  which  ione  travel.  In  this  connection  I  may  specially 
mention  the  names  of  Oliver  Lodge,  W  both  am,  and  Masson.  These 
mcasurcmontB  agree  very  well  with  the  rates  calculated  by 
Kohlrausch. 

I  now  show  an  experiment  indicating  a  way  in  which  such 
measurements  can  be  luado. 

The  apparatus  '  consists  of  a  glass  U-tube,  with  a  long  stopcock- 
funnel  connected  to  the  lower  part  of  it.  The  tube  is  nearly  half 
filled  with  a  dilute  (about  0-03  per  cont.)  solution  of  potassium 
nitrate,  and  then  about  the  same  quantity  of  a  solution  of  potassium 
permanganate,  of  the  same  conductivity  as  the  other  solution,  is 
slowly  introduced  by  means  of  the  funnel.  The  permanganate  solu- 
tion is  loaded  with  urea  (a  non-elcctrolyte)  so  as  to  make  it  denser 
than  the  nitrate  solution  ;  the  permanganate  solution  now  lies  in  the 
lower  part  of  the  U-tube  with  a  sharp  interface  between  it  and  the 
lutrate  aolntion  above  it  in  each  limb  of  the  tube.    If  now  we  ooimect 


*  Expeiitncnt  frora  n  paper  by  Namai  in  the  ZeitB^ferift  fiir  ElektroohemitJ, 
iii.  p.  308  (1807). 
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tlie  electrodes,  wliich  were  prdiminarily  inserted  into  the  tipper  parte 
of  the  two  limbs  of  the  tube,  with  a  battery  with  high  differeoco  of 
potential  a  eurrent  will  pass,  and  »  tmnsference  of  ions  will  take  pluce, 
cations (K)  towards  the  cathode  and  anions  (NO^  and  MnO^)  towarda 
the  anode,  and  the  column  of  pink  colour  will  rise  in  the  limb  contain- 
ing  the  anode  and  fall  by  an  equal  amount  in  the  other.  By  this 
meuis  an  approximation  can  be  made  to  the  rate  of  travel  of  the 
iena. 

We  now  come  to  a  new  chapter  beginmng  with  1887  ;  but  before 
entering  on  it  we  must  turn  aside  for  a  little  to  a  subject  which  does 
net  at  first  sight  seem  to  have  a  very  clog©  relation  with  the  matter 
we  have  in  hand.  The  subjeet  Is  that  of  what  may  be  called  the 
osmotic  phenomena.  These  ore  all  couneetcd  with  the  concentration 
or  with  the  dilotion  of  solutions.  They  all  involve  the  idea  of  the 
work  dono  in  concentrutting  a  solution.  We  need  not  dif^euss  the 
theory  of  these  phenomena,  we  are  interested  in  them  now  only  as 
they  give  ns  methods  of  aecertaining  the  molecular  eoneentration  of 
a  solntiom  In  1883  *  Haciult  showed  that  in  the  case  of  a  great 
many  snbstftnccSi  eqnimolecular  solntions  (with  the  same  solvent) 
have  the  same  freezing-point.  In  1886  f  he  showed  that  ecjni' 
raoleoalar  eolutions  with  the  same  volatile  solvent  have  the 
boiling-point.  Molecular  iu  here  used  in  its  ordinary  chemical 
These  discoveries  were  eagerly  taken  up  by  chemists  as  pro* 
ms«ing  an  important  addition  to  the  mtans  at  their  disposal  for  deter- 
mining  the  molecular  weights  of  substances.  Convenient  arrauge- 
inentfi  for  applying  the  methods  were  devised  by  Beckmann,  J  and 
loon  came  into  use  in  nearly  every  laboratory,  Tbey  were  almost 
fidciueiveiy  need  for  the  determination  of  the  molecular  weight  of 
otf^nic  substances,  and  have  been  found  trustworthy  in  such  cases. 
When,  however,  van't  Hoff  §  in  his  study  of  the  theory  of  solutions 
concluded  from  theoretical  considerations  that  the  depression  of  the 
&«eEing-pf>int  and  the  rise  of  the  i boiling-point  are  proj>oHional  to 
otmotiG  pressure  in  the  case  of  dilute  solutions,  the  observations  made 
by  Baoult  and  others  famished  a  number  of  facts  ready  for  testing  the 
theory.  He  found  that,  while  in  many  cases  the  osmotic  pressure  cal- 
culated from  hie  formula  PV  =  RT  agreed,  withiu  the  limits  of  eiperi- 
ttnental  error,  with  the  value  calculated  from  the  observation,  there  were 
a  very  considerable  mtmber  where  the  observed  value  differed  from  that 
given  by  the  formula.  He  accordingly  modified  the  formula  by  the 
introduction  of  a  factor  i,  so  as  to  make  it  PV  =  iRT,     This  factor  i 


•  Baooli  C3ompt  rend.  xtnr.  p.  1517 1  xov.  pp.  187  and  1030  (1852)  i  xovi, 
p.  1603;  xoTii  plHl(igi3). 

t  BA4>ait,  Cmapt,  tend,  ciii,  p.  1125  (188G) ;  civ,  pp.  976  and  1430 ;  ov.  b,857 
(1887)*    Zeitachrill  t  jihysilc.  Chemi«,  u.  p.  B53  <  1 888). 


t  Beplaii.ann,  Zeltacbrift  f.  pbysik.  Cbemie,  ii/pp,  638  and  715  (1^88):  iv.p  532 
(1888);  viil.  p.  223(1891). 

I  ran^t  Hoff,  Z*lUohrift  f.  physik.  Chemieti.  pp.  500-508  (1887). 
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i§  unity  in  the  cases  where  obserration  hy  Eaonlt^s  method  gives  results 
agreeing  with  the  formula  PV  =  ET,  in  other  cases  it  is  greater  or 
less  than  unity,  and  indicates  the  extent  of  the  diBagreemeut.  Ar?he- 
niQs»  tq>  whom  Van'i  HotiT  showed  these  tminbers^  pointed  out  that  all 
the  atibatances  which  had  i  greater  than  unity  were  electrolytes,  and 
that  the  devtatiou  had  to  do  with  their  splitting  up  into  tons. 
Arrhenius  •  had  before  this  time  (1887)  been  working  at  the  suhjeot 
of  cleotrolyBis  and  of  the  relation  between  the  readiness  "nith  which 
substances  undergo  electrolysis  and  the  readiness  with  which  they 
enter  into  chemical  reactions.  Ho  had  been  looking  for  an  e ^ pi n na- 
tion of  the  fact  that  the  cond activity  of  a  solution  of  an  electrolyte 
is  not  proportional  to  its  canceutration,  and  had  como  to  the  conclusion 
that  this  must  depend  on  some  of  the  molecules  of  the  solute  being 
**  active/  that  is,  taking  part  in  the  conduction,  while  others  were  in- 
aotive,  behaving  like  molecules  of  a  oon-eieotrolyte,  and  that  the  pro- 
l>ortion  of  active  molecules  increases  willi  dilution, 

Van't  IIoff*6  &otor  i  enabled  Arrheuius  4o  give  precision  to  these 
ideas,  and  in  ISSTf  he  formulated  the  theory  that  the  "  active  "  mole- 
cules were  those  which  were  split  into  ions.  It  was  now  possible 
to  oalculate  i  in  two  ways  and  compare  the  results.  Arrhenius  gives 
a  list  of  eighty-four  substances,  for  which  there  existed  at  that  time 
data  for  such  calculations,  and  calculating  the  value  of  i  as  deduced 
on  his  new  theory  from  the  cond activity,  compares  it  with  the  value 
of  I  derived  from  freezing-point  observation  a  in  each  of  the  eighty- 
four  substaDces.  The  agreement  does  not  at  first  sight  strike  one  as 
very  close,  but  there  are  several  circumstances  which  have  to  be 
considered  iu  judging  them.  The  whole  mass  of  published  observa- 
tions was  taken,  the  limits  of  probable  error  are  very  different  iu 
di  fie  rent  cases^  and  the  freezing-poiut  measurements  were  all  made 
at  temperatures  a  little  below  0  ,  while  the  conductivity  measure- 
ments were  made  at  Ib^.  The  comparison  wa^  made,  not  as  a 
demonstration  uf  the  theory,  hut  rather  as  a  preliminary  trial  with 
such  materials  as  were  at  hand.  The  real  testing  of  the  theory 
ueoessanly  came  later.  So  I  think  we  may  agree  with  Arrhenius 
that^  considering  all  the  circumstauoesy  the  agreement  is  not  unsatis- 
factory,  except  in  the  case  of  nine  of  the  substances^  and  that  most 
of  these  nine  cases  are  liable  to  suspicion  on  other  grounds.  In 
1887,  almost  at  the  time  when  Arrhenius  published  the  paper  of 
which  I  have  just  been  speaking,  Planok{  discussed  the  subjects  of 
the  diminution  of  the  vapour  pressure  and  the  lowering  of  the 
freestng' point  in  dilute  salt  solutions  from  the  thermo-dynamic  point 
of  view,  and  stutiiig  from  the  principle  of  the  increase  of  entropy, 
deduced  fcvmiilB  oonneoting  these  i^uantities  with  the  moleoulihr 


*•  AfTheniui,  Bihaof  tUl  kangl  Svemka  foteudL  Akad.  Haudllngar,  1884 
Noikl3MdH, 

t  Arrfc«wa<,  Zeitsohrift  t  phf tAk,  Chmm^  L  p  651  (1887). 
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weight  He  Bayer  ^^  coooliialoii,  '*  This  formula  clftlnis  exact 
uaerical  validity .  It  gives  for  most  BDl>Btftnces  a  greater  (uole- 
mki  tt amber  tlian  tliat  nBually  aasumed,  i.e.  a  parti&l  or  complete 
<fcaaitotl  deooiB posit ioa  of  tlie  substance  in  the  GolntioD.  Kvea  if 
tilt  oonte<|tiexie6a  of  this  proposition  E^hould  require  an  easential 
nudifioftltoci  ot  the  generally  preyailing  views  as  to  the  const  i  tut  ion 
flf  mlu^€m%  I  do  Dot  know  »tiy  fact  which  shows  it  to  be  uotenahle. 
ildi^^  manj  oiiservations  ia  othcF  departments  (the  propurtionallj 
flmig  affinities  of  dilute  eolationa,  which  remind  one  of  the  proper- 
liei  of  the  nascent  EtatOf  the  easy  deoompoBabilitj  by  the  weakest 
gtlfmnic  corrent,  the  phenomena  of  internal  friction),  are  directl?  in 
fiTotir  of  the  view  that  in  oil  dilute  soltitions  a  more  or  less  com- 
pkte  deoompoeilion  of  the  molecalee  of  the  dissolved  substance  takes 
plaot;.  lleiiide§,  this  conception  adapts  itself  well  to  the  opinions 
dffvdoped  by  L,  Mey&r^  W,  Ostwald  and  8.  Arrheniiis  on  the  state  of 
llie  molecules  of  disBolved  substances,  as  it  only  goes  a  step  further 
■nd  Hxeft  Dtunerically  tbo  degree  of  the  decomposition." 

An  objection  »*iie  taken  tu  Planck's  argument.  It  was  said  that 
m  M»  fbnnnla  contains  the  ratio  of  the  molecular  numbers  of  the 
solute  Mid  of  the  solvent,  it  conld  not  be  inferred  that  that  of  the 
•olata  Is  greater  than  ita  formula  leads  to,  for  it  might  be  that 
tlia  molecular  unmber  of  the  solvent  is  less  than  that  indicated  by 
lit  fornmla.  Planok's  answer  was  immediate  and  obvious.  In  any 
axpreadon  in  which  the  moleeular  number  of  the  solvent  appears, 
tbero  aJbo  appears  as  a  factor  the  molecular  weight.  For  instance, 
in  the  formnJa  for  the  depression  of  the  freezing-point  the  moleeular 
number  of  the  solvent  is  multiplied  by  the  latent  heat  of  one  mole- 
cule  ol  the  scdvent,  and  similarly  in  other  ca^^eB,  So  that  it  makes 
no  diflfsreniDe  what  molecular  weight  we  assume  for  the  aotveut^  and 
dw  ue  of  its  molecular  number  is  merely  a  convenient  way  of 
fl^pmtlog  ita  qnanlity. 

This  increase  in  the  number  of  the  molecules,  or  splitting  iuto 
mOB,  was  called  "  electrolytic  dissociation."  It  will  be  seen  that  it 
is  what  Lodge  in  188^,  in  speaking  of  Clan  sink's  theory,  called 
dinooiatioQ,  Bnt  while  it  has  some  obvious  resemblances  to  the  dis- 
ipAtiOil  df  a  gas,  there  are  very  striking  differences  between  the  cases, 
md  periuipA  some  of  the  difBculties  in  the  way  of  the  acceptance 
of  &e  theory  may  have  arisen  from  the  use  of  the  same  word  for  two 
things  differing  so  much.  We  need  not,  however,  discusa  the  name, 
feot  It  ia  well  to  look  for  a  little  at  the  essentially  different  nature  of 
Hut  *^™^  This  essential  distinction  consists  in  the  products  of 
tlii  «l60trolytical  dissociation  being  charged,  the  one  set  with  {)osi- 
tlTOi  Hia  other  set  with  negative,  electricity,  so  that,  while  in  the  body 
of  tiid  eolution  they  can  move  about  independently,  they  cannot  be 
•eptmted  by  diffusion  aa  iho  products  of  the  dissociation  of  a  gas  can. 
It  a  troe  that  the  quicker  moving  ions  can,  to  a  small  extent,  forerun 
tbfl  slt>wer  moving  ions,  and  diS'use  a  little  further  iuto  pure  water  or 
into  a  more  dilute  solution,  as  is  shown  by  the  fact  that  when  two  edit- 
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tionB  of  tlie  same  electrolyte  of  different  ooncentration  are  in  oontact 
there  i»  a  di^erence  of  electric  potential  between  tbem,  but  they 
cannot  be  separated  to  any  weighable  extent  in  this  wny*  In  order 
to  separnt©  from  one  another  two  gasea  uniformly  mixed,  a  certain 
calcnlable  amonnt  of  work  has  to  be  done^  so  tbat  aftar  a  gas  baa  been 
di&aociftted  and  wholly  or  partially  convei-ted  into  a  mixture  of  the  two 
gaaeouB  products,  some  work  has  still  to  be  done  to  get  them  eepa- 
mtely.  So  it  is  also  in  the  case  of  electrolytic  dissociation  ;  but  while 
in  the  former  case  the  decomposition  work  is  the  main  thing,  and  the 
separation  work  very  smaiU  in  the  latter  it  is  (juit©  the  other  way. 
Here  the  heat  of  dissociation,  that  is  the  work  spent  in  decomposing 
the  electrolyte  into  its  ions,  is  small  (indeed  sometimes  negative), 
while  the  work  to  be  done  to  separate  the  ions  is  always  very  much 
greater*  Indeed  we  may  qnite  correctly  say  that  in  most  highly  dis- 
Bociatod  solution  of  hydrochloric  acid  the  hydrogen  aud  the  chlorine 
are  etill  very  firmly  united,  not  indeed  atom  to  atom,  but  each  atom 
of  the  one  Idnd  to  all  the  atoms  of  the  other  kind  within  a  certain  dis- 
tance from  it.  A  men  does  not  lose  bis  money  when  he  takes  it  out 
of  his  pockefe  and  puts  it  into  a  bank.  He  does  indeed  lose  his  rela- 
tion to  the  individual  gold  and  silver  coins,  and  does  not  know  and 
does  not  care  where  these  particular  pieces  of  metal  are,  but  be  ia 
interested  in  knowing  tbat  they  or  their  like  are  at  bis  command,  and 
the  same  sort  of  work  wUl  he  required  to  impoverish  bim  whether  his 
money  is  in  the  hank  or  in  bis  pocket*  (I  assume,  of  course,  that  the 
bank  of  our  present  imagination  cannot  become  insolvent.) 

I  have  said  tbat  the  teat  of  the  theory  would  come  later.  It  has 
been  going  on  since  1837,  and  if  time  would  allow  I  couI(3  give  you 
many  cases  in  which  dednetions  from  the  theory  have  been  found  to 
agree  with  close  quantitative  accuracy  with  experimeutal  observa- 
tions, I  shall  mention  only  the  first,  still  among  the  most  impor- 
tant, namely  Ostwald's  determination  of  the  affinity  coustonts,  and 
hia  application  of  Guldberg  and  Waage's  principle  to  the  ioos.  I 
could  also  give  yon  instances  in  which  there  have  been  discropancies, 
or  apparent  discrepancies,  and  show  how  in  some  of  these  cases  the 
difficulties  have  been  cleared  up.  The  history  of  tbis  theory  has  in 
fact  so  far  been  that  of  every  useful  theory,  for  it  is  in  tbis  way  only 
that  a  theory  does  its  work,  I  shall  select  two  points  for  illustration, 
not  becanse  they  are  more  important  tb&n  others,  but  because  I  can 
illuetrate  them  by  means  of  estperimente  which  do  not  occupy  much 
time,  and  can  be  made  visible  in  a  large  room.  The  first  has  refer- 
ence to  the  question,  Wbat  are  the  ions  in  the  case  of  a  dibaaic 
acid?  As  HNO^  gives  as  its  ions  H  and  KO3  so  we  might  expect 
H^SO^  to  give  2H  and  SO^,  But  we  find  that  until  the  dilution  has 
advanced  to  a  considerable  extent  the  ions  of  sulphuric  acid  are 
mainly  H  and  H3O4.  This  is  quite  in  hannony  with  the  chemical 
action  of  H^SO^,  for,  as  every  chemist  knows,  at  moderate  temperatureB 
we  have  the  action  H38O4  +  NaCl  =  HCl  +  NaHSO^  and  the  tem- 
perature has  to  be  raised  in  order  to  get  the  action  NaHSO^  -f-  NaOl 


ike  Tom  of  Meetrolytis. 


=  HCl  -h  NaaS04-      In  the  first  of  these  experiments  wo  tate  as  tbe 

eledtolyte  a  oonceotrated  snlution  of  potaeeiam  hydroger]  sulpLate 

KHSO,.     This  gives  the  irms  K  md  HSO^.     The'  latter  go  to  the 

taodfl  waA  Ihere^  on  tieiiig  disoharged,  form  persulphuric  acid,  or  its 

k»i,  md  potaasiiam    peronlphAta   K^S.^O^,  bein^  sparii^gly  soluble, 

S|«lilliBe6  out.     Thia  is  the  method  bj  meaos  of  which  Dr.  Stlorshall 

diieaf«red  Ibe  p^rsitlphatea.     The  next  experiment  will  illnstrate  the 

formitioti  and  discharge  at  the  aoode  of  the  anion  80^.     We  Imve 

bete  dilata  salphttric  acid  with  whjoh  is  mixed  a  little  manganous 

calplwie  MjiSO^.      The   ion   SO,  when   dieolmrgedj  adds   itself  to 

IMiiSOi  Mid  forme  manganie  tnlphat*?  Mu.jCSO^)^,  recognised  by  its 

ml  ciil*>uT.     Tbi*,  ©Ten  in  acid  eolutian>  is  quickly  hydrolysed,  giving 

iofuluhle  mftuganic  hydrate. 

The  other  point  1  wish  to  illustrate  is  the  application  of  Guldberg 
md  WftAge^a  principle  to  ions.  Withont  entering  into  any  general 
diHcoMum  of  this  question,  I  shall  merely  say  that  theory  leads  to  the 
jiBRitl  that  the  addition  of  asolnble  aoetate  to  a  solution  of  acetic  acid 
#Bitiiiabea  the  oonoent ration  of  H  ions,  and  so  makes  the  solntion 
leK  eiffioeliTely  acid.  This  was  experimentally  proved  by  Arrhenins 
ill  1890t*  by  measuring  the  rate  at  which  cane-sngar  is  iuTerted  by 
idille  acid  alone,  and  with  varying  quantities  of  sodium  acetate 
idd^  to  tt.  But  as  such  an  experiment  canaot  be  made  visible  to 
a  large  nombeir  of  spectators  at  onoe,  I  thought  of  a  way  of  showing 
the  Mine  thing,  which,  while  not  capable  of  the  same  degree  of 
Mocmncjf  wonld  prove  the  principle  qualitatively.  I  have  here  a 
•olatioii  of  ferrous  acetate  to  which  1  have  added  enough  acetic  acid 
to  prefvnt  the  precipitation  of  ferrous  sulphide  on  the  addition  of 
•olphiiretted  hydrogen.  I  add  sulphuretted  hydrogen,  of  course  no 
{ireeipitate  is  formed.  I  now  add  a  solution  of  sodium  acetate  mixed 
ith  rather  more  than  three  equivalents  of  noetic  acid,  so  as  to  make 
plain  that  the  effect  is  not  due  to  the  formation  of  an  acid  acetate, 
and  yoQ  sec  that  we  have  at  onoe  a  precipitate  of  ferrous  sulphide. 
To  show  that  the  addition  of  the  water  has  not  produced  the  result, 
1  ftdJ  to  another  portion  of  the  same  ftolution  aa  much  water,  and  you 
•M  tbat  no  precipitation  takes  place. 

I  have  not  spoken  of  non-aqueous  solutions.  At  the  rise  of  the 
dlitocialion  theory,  these  were  generally  supposed  to  be  non-con* 
dlOtoni,  but  many  of  them  have  now  been  examined  lioth  by  scientific 
Vtiriers  in  the  old  world,  and  very  specially  by  our  colleagues  on  the 
ther  side  of  the  Atlantic,  and  been  found  to  conduct  electrolytically. 
It  seema  likely  that  these  Investigations  will  throw  much  light  on 
the  iniltience  of  the  solvent  on  the  conductivity  of  the  dissolved  salt. 
Particularly  interesting  ia  the  relation,  indicated  in  some  cases, 
twlweeii  the  specific  inductive  capacity  of  a  solvent  and  tlie  dissocia- 
tloii  of  the  dissolved  salt.  But  this  is  onu  of  the  questions  not  yet 
ripe  for  treatment  in  a  discourse  such  aa  this. 
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I  had  ftlflo  thought  of  Btying  ■omfllhing  m  to  the  atomie  ohancter 
of  eleetridty,  and  the  compoimds  of  eleotrieilj  with  what  we  may 
▼entme  to  call  the  other  ehemioal  elements,  and  had  even  some  idea 
of  poaching  on  Lord  EelTin's  domain  of  "Aepinns  atomifled,"  but 
time  hae  aaTod  me  from  this. 

I  have  been  describing  the  history  of  the  theory  of  electrolysis 
from  the  time  of  Faraday,  in  sooh  a  way  as  is  possible  within  the 
limits  of  an  honr.  I  have  necessarily  omitted  mention  of  many 
active,  able  and  snocessf ol  woriters,  and  I  cannot  in  every  case  justify 
the  omission  except  by  referring  to  the  time  limiL  I  have  as  &r  as 
I  coold  explained  the  eridence  which  we  have  for  the  theories 
described,  bnt  I  have  not  intended  to  argue  for  or  against  the  essen- 
tial tmth  of  them.  I  have  sometimes  been  asked  in  reference  to  the 
theory  of  electrolytic  dissociation.  Do  yon  really  believe  it  to  be  tme  ? 
My  answer  to  that  question  is,  I  believe  it  to  be  an  eminently  nsefnl 
theory.  It  has  led  to  a  great  deal  of  most  valuable  experimental 
work.  It  has  enabled  us  to  group  together  things  that  without  its 
help  seemed  very  little  connected.  It  has  led  to  the  discussion  of 
problems  that  could  scuoely,  without  its  suggestion,  have  occuned 
to  any  one.  It  does  not  seem  to  be  exhausted,  and  I  look  forward 
to  much  good  to  be  got  from  it  yet,  and  therefore  I  am  willing  to  take 
it  as  a  guide.  But  I  do  not  look  on  it  as  an  infiJlible  gmde ;  we 
cannot  expect,  we  do  not  need,  an  infiJlible  guide  in  physical  science. 
A  long  life  may  be  anticipated  for  this  theory ;  if  that  be  so,  we  may 
be  sure  that  it  will  undergo  modifications,  for  if  it  is  to  act,  it  will  be 
acted  on. 

Nothing  but  good  can  come  from  the  fullest  discussion,  either  of 
the  theoretical  basis  or  of  the  experimental  evidence  for  or  against  a 
theory.  No  great  principle  in  science  or  in  law  can  be  aatisfiictorily 
settled  without  full  argument  by  competent  advocates  on  both  sides, 
and  the  eager  hunt  for  eridence  by  Uiose  who  attack  and  by  those 
who  defend,  will  lead  to  a  more  complete  investigation  of  the  whole 
field  than  would  be  attained  without  such — shall  we  call  it  partisan 
— interest. 

[A.  C.  B.] 
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GENEBAL  MONTHLY  MEETING, 

Monday,  Februaiy  3,  1902. 

Sb  Jamxb  Cuohton-Brownb,  M.D.  LL.D.  F.R.S.,  Treasarer  and 
Vice-President,  in  the  Ohair. 

William  Afloh,  Esq. 

The  Bt.  Hon.  Lord  lyeagh,  E.P.  LL.D. 

Bev.  Samnel  James  Norman,  M.A. 

Honter  Finlay  Tod,  Esq.  F.R.C.S. 

Iiient.-OoL  B.  de  Yillamil, 

George  Wesiinghonse,  Esq. 

James  Martin  White,  Esq.  J.P. 

were  elected  Members  of  the  Royal  Institntioo. 

It  was  annonnced  from  the  Ohair  that  the  following  valuable 
relics  of  Michael  Faraday,  bequeathed  by  the  late  Mr.  Thomas  J.  F. 
Ueaoon,  of  Newosstle-npon-Tyne,  to  the  Royal  Institntiou  of  Great 
Britain,  had  been  receiTed : — 

Faraday's  Book  of  Portraits  and  Antographs. 

A  Dagoerrotype  of  a  Oonsnltation  of  Faraday  with  Professor 

DanielL 
Framed  Drawing  in  Oolonrs  of  the  Laboratory  of  the  Royal 

Listitntion. 
Manuscript  Book  intitnled  **  A  Olass  Book  for  the  Reception 

of  Mental  Exercises,  instituted  July  1818." 

The  Special  Thanks  of  the  Members  were  returned  for  the  follow- 
mg  Donations  to  the  Fund  for  the  Promotion  of  Experimental  Research 
■t  Low  Temperatures : — 

Sir  Frederick  Bramwell,  Bart,  F.R.S.     £100 
Dr.  Frank  McOlean,  F.B.S.       .  £50 

The  following  Besolution,  passed  by  the  Managers,  was  read  and 
adopted: — 

Betohed,  That  the  Managers  of  the  Boyal  Institatioa  denre  to  record  their 
•ame  of  the  lots  sustained  bj  the  Institntlon  in  the  decease  of  Mr.  Hugh  Leonard, 
rjLA.  x.uisT.o.a. 

BeeomiDg  a  Member  of  the  Boyal  Institution  in  1881,  he  was  eleoted  a 
Visitar  in  1894  and  a  Manager  in  1898.  Be  was  a  regnlar  attendant  at  the 
Meetings,  uid  was  well  known  to  many  Members.    He  took  a  keen  interest  in 
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%il  mattei9  ooncernmg  the  WQlfai«  of  tbe  Royal  luatlttiMoUf  and  wae  a  generooA 
donor  to  the  Reseftrcii  Fund  for  the  pnwecntion  of  experimetxtal  inquiry.  Hia 
pertfoiialitj  and  ha  aeiricea  to  the  Ingtitution  will  bo  long  remembered. 


Tho  Pbesents  roceiTed  sitiee  the  last  Meetiog  were  laid  on  tlia 
tablo,  and  the  tJianke  of  the  Members  returned  for  the  same,  yiz. : — 

FBOU 

The  Secretary  0/ State  for  India— Violets  Report  of  the  Arohaologieal  Surrej 
of  Weitem  India  for  1$01.    Sro. 
Arch^logicAl  Surrey  Mamoire,  Vol.  XXVI.  Part  1,    4to,     1901. 
The  Oavemor^General  of  iwdm— Memoifs,  Vol.  XXXII.  Parte  2^  3.    8?o.    190 L 
A&^ademta  de£  Ltficei,  Eealet  Eoma—CloB^  di  Scieuze  Fiaiche,  MiitemftUche  e 
Natural].    Atti,  Serte  Quinta  i  RendioontL   2"  SenifiatFe,  Vol.  X.  Faac.  10^  11. 
Sto, 
Amerioan  A^dimy  of  Arts  and  SelffncM— Proceedingt,  Vol  XXXVn.  Noi,  1-5, 

STa     190L 
Ajtiatic  Society,  Boi/Ql — Jouraal  for  Jan,  l&Ol,    8?o, 

AHronmrncal  Soeieitf,  /i^oyeft— Monthly  Notices,  Vol  LXII.  Nos,  1,  2.    8vo.    1901, 
Ba»fer«,  Inttitute  o/-^oimial,  VoL  XXIII.  Part  1.    8to.    1901, 
Baltiere,  TindaU  and  Cox,  Mestn.  (the  PublUhert}-^TkQ  Composition  of  Datoh 

Baiter.    By  Dr.  J.  J.  L,  Van  Ryn.    8to.     1902, 
Saiama  Obsen^/ory  —  Baiiifall  in  East  Indian  Archipelago  for  1900,    8ro,    1901. 
Belgium  Eayal  At^^temy  of  £ci*(mcsc— Mem.  couf.  et  autrea  mom.  Tomes  LTIIL- 

LX.     8to,     1901. 
Purlin  Academy  of  &ii«Mjer— Sit2uug«berichfce»  1901^  Not.  39-5&    8?o.    1901, 
Boftttn  Fublie  Ltbrm—ADiiUQl  List  of  Books,  1900-lMl*    8to.    1901 

Monthly  Bulletin  for  Dto,    Sto.     190L 
Britith  Architect*,  Houol  Inrtrtirffl  o/^Joumal  3rd  Series,  Vol-  DC.  Not  3-Z   4lo, 

1902. 
SrUi§k  Adronomical  ^^tfooi'^tionr— Journal,  Vol.  XU,  No,  2.    6vo,     1901. 

Memoirt,  VoL  XI.  Parts  9,  10-    8m     1901, 
Camera  C^ub— Journal  for  t)eo,  1901  and  Jan.  1902.    870. 
Canada^  Geological  Survey  o/— Catalogue  of  Oanadian  Birds,  Part  1,    Sto,    1900. 
Chemieal  Induttry,  Society  0/— Journal,  VoL  XX.  K09.  U,  12 :  VoL  XXI,  No.  I, 

8?o.     1901. 
Clu^mical  Socwiy— Proceedings,  Nos.  243,  244.    Svo.    1901, 

Jouraul  for  Dec.  1901  and  Jan.  1(>02.     8vo* 
ChMrak^  Prof.  A,  K.  F.R.S,  Jtf.i?./,— Food  Graini  of  India,  Supplement,  1901, 
S?o. 
The  Chemistry  of  Paints  and  Paintiiif^.    girded.     S?a    190K 
Cb/e,  G.  W,  E»q.  (the  Author)  -Bermuda  and  the  ' Challenger*  £xpeditio&.    Sto. 

1901, 
Orticovie.rA  iod^mie  des  Sciennet — B  ulleti  n ,  1 90 1  ^  Noa,  7,  8.    8to.     1 90  L 
IMiin  Society,  JJoi^a/— Prvnceedingi,  Vol.  IX.  Parte  3,  4.     8to.     1900-1901, 

TranBacticma.  VoL  VIL  No.  IB.    4to.     1901. 
i?d(<orf— Aoronauticttl  Journal  for  Dec,  1901  and  Jan.  1902.    8fo. 
AmericatL  Joiiroal  of  SoieticB  for  Dec  1901  and  Jan.  1902.     Sro. 
Analyst  for  Dec.  1901  iUid  Jan.  1902.    Sfo. 

Anthooy'a  Phuto^rftphio  Bulletin  for  Dec.  1901  and  Jan,  1902,    8¥o, 
Aatrophyflical  Journal  for  Dec.  1901  and  Jan.  1902. 
Athensum  for  D^.  19UI  and  Jan,  19U2,    4to, 
Anthof  for  Dae.  1901  uid  Jan.  1903,    Sro. 
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Brvwen*  Jovrnml  for  Dee.  1901  and  Jan.  1902.    Sva 
Ghemial  News  Soar  Ueo,  1901  and  Jan.  1902.    4to. 
Cbemiai  and  Dniggiat  for  Deo.  1901  and  Jan.  1902.    8yo. 
Electrical  Engineer  for  Dee.  1901  and  Jan.  1902.    foL 

Eleetrioal  BoTiew  for  Dec  1901  and  Jan.  1902.    Sva 

Eleetrioal  Timee  for  Dee.  1901  and  Jan.  1902.    4to. 

Eleetricity  for  Dee.  1901  and  Jan.  1902.    8to. 

EIe6tro<]heinist  and  Metallargiat  for  Deo.  1901  and  Jan.  1902.    8to. 

Engineer  for  Dec.  1901  and  Jan.  1902.    foL 

Sagineering  for  Dec  1901  and  Jan.  1902.    foL 

HomoBopathio  Beriew  for  Dec  1901  and  Jan.  1902.    Syo. 

Hoffologieal  Journal  for  Dec.  1901  and  Jan.  1902.    Stc 

Inrentkm  for  Dec  1901  and  Jan.  1902. 

Journal  of  the  BritiBh  Dental  Amociation  for  Deo.  1901  and  Jan.  1902.    8vo. 

Joninal  of  Medical  Beaearch  for  Dec  1901.    8to. 

Jonmftl  of  Pbyaioal  Chemistry  for  Dec  1901.    8to. 

Joonial  of  State  Medicine  for  Dec  1901  and  Jan.  1902.    8vo. 

Law  Joamal  for  Dec.  1901  and  Jan.  VJ02.    Stc 

London  Technical  Education  Gazette  for  Deo.  1901  and  Jan.  1902. 

Machinery  Market  for  Dec  1901  and  Jan.  1902.    8vo. 

Motor  Car  Joamal  for  Dec.  1901  and  Jan.  1902.    8yo. 

Nature  for  Dec  1901  and  Jan.  1902.    4to. 

New  Church  Magazine  for  Dec  1901  and  Jan.  1902.    8vo. 

NvoTO  Cimento  for  Dec  1901  and  Jan.  1902.    8vo. 

Pharmaceniioal  Joamal  for  Deo.  1901  and  Jan.  1902.    8vo. 

Photograi^ic  News  for  Dec.  1901  and  Jan.  1902.    8yo. 

Physical  Beriew  for  Dec.  1901  and  Jan.  1902.    8to. 

Popolar  Science  Monthly  for  Dec.  1901  aud  Jan.  1902. 

Poblic  Health  Engineer  for  Dec  1901  and  Jan.  1902.    8to. 

Science  Abatracts  for  Dec  1901  and  Jan.  1902.    8to. 

Terrestrial  Magnetism  for  Dec.  1901.    8vo. 

TntTel  for  Dec  1901  and  Jan.  1902.    8to. 

Tropical  Agrioaltarist  for  Dec  1901  and  Jan.  1902.    8to. 

Zoophilist  for  Dec.  1901  and  Jan.  1902.    4to. 
EUdriad  Engineerij  Inttitution  o/— Joamal,  Vol.  XXX.  No.  153.     8vo.     1901. 
Fnnldin  JniitYttte— Journal  for  Dec  1901  aud  Jan.  1902.    8vc 
Frtdk,  Johfif  E9q.  {the  Author)— On  Liquid  Air  and  its  Applications.     8vo. 

1901. 
Geographioal  Society,  Boyoi— Geographical  Joamal  for  Dec.  1901  and  Jan.  1902. 

8to. 
GiadtUmey  Dr.  J.  H.  F.R.8.  if. /M.— Bulletin  de  la  Societe  Internationale  des 

Eleotricicns.    8to.     1901. 
Hsfieai,  SoeitU  HoOandaite  des  Scxeneet — ^Archives  Ncerlaudaises,  Scric  II. 

Tome  IV.  Livr.  45.    8vc     1901. 
Reek,  O.  f:*^.— Physiologic    8to.     1901. 

BuUmeal  Society,  fioyal— Transactions,  N.8.  Vol.  XV.    8vc     1901. 
Holme9-Forbe8,  A.  W.  Stq.  M.A.  M.B.L  {the  Author)— The  Book  Wonderful,  or 

the  Bible  for  the  People.    8vo.     1901. 
Horticultural  Society,  i^oyol— Journal,  Vol.  XXVI.  Parts  2,  8.    8vo.     1 90 1 . 
Imperial  Institute — Imperial  Institute  Journal  for  Dec.  1001  and  Jan.  1002. 
Iron  and  Steel  InslUute— J ovanoXj  1901,  No.  2.    8m      1901-1902. 
Johns  Hopkins  University — University  Studies,  Series  XIX.  Nos.  4-9.   8vo.    1901. 

American  Chemical  Journal  for  Dec.  1901.    8vo. 

University  Circulars,  154.    8vo.    1901. 
Koneas  Academy  of  iSMsnoe— Transactions,  VoL  XVII.    8vo.    1901. 
JKaaias  IMMrsay— Bolletin,  VoL  IL  Nc  6.    8vo.    1901. 
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Im^hian,  John,  Stq^  MM.L — Jottrnal  of  Ibe  Ex-Libm  Society  for  Nfw.-Dec 

190L    8yo. 
(3^  lwMor)—TubuIflT  Transit    8  to.     1302, 
lAverpod^  Littmry  aiid  PhUompMcal  *S&eT>%— Proceeding,  N*o,  LV,    Svo.    iOOL 
JfodfiA,  Royal  Academif  of  Scicncei — Memoriae,  Tomo  XIV*  Fucioulo  1,  Atlaa. 

4to.     18»0-U*0J, 
Manehesier  LUeraqf  and  PhUoMphieal  Societjf — Memotrs  and  Proceedings,  VoL 

SLVL  Part  L    Svo.     l900-]y01. 
MatiWihHiitU  ImtUuU  of  Teehnc^y—Techjiohgy  Quarter] f,  ToL  KIV.  No.  B. 

8m    1901. 
Mechanical  Engineert^  Inttitjiiion  qf—Vrooe.tidin(^B^  liiO!,  No*  3.     S?*®.     1 901, 
MeMbrugghff  Prof.  Van  der  (the  Author}— Vu&  Triple  AlUauoe  Naturelle,     8to. 

19^)1. 
MeU^rotagiaal  Society ^  iZq/aZ^Meteorological  Record,  VoL  XXI.  No.  8L    Sro. 

1001. 
Meteorological  O^ce—Hourly  Henna  for  1S98.    4  to.     190  L 
M«xi^^  Sotiedad  Oientijiea — Memorka;  Tomo  XV,  Noa*  11, 12 :  Tomo  XT  I.  No.  1^ 

Bt0.     190L 
Munidt,  Soiftd  Bavarian  Acadsmif  of  Scienett — Abh&ndlangon,  Band  XX.  Abi  2. 

-Ito.     190L 
Navy  Lmgue — Nary.  League  JoutquI  for  Dec.  1901.    8to. 

New  South  Wale§^  Agent-General  foT^^Pictar^q\i!(i  ^&w  Bo)i\hYF»le^   Sro.    1901. 
OdoTdoIogiml  SQcielif—TiB^ne&ction^  Vol  XXXIV,  No.  2.    Sto,     1901. 
Onna,  Prof.  Dr.  H.  iT.^Cominunicatioofl,  Noa,  72-74,    Svo.    1901. 
PoiriXt  SacieU  FranfaUe  de  Phytiquc—EiaiiQes,  1901,  Pmo.  2.     Svo.     1901. 
FharmaimUical  Society  of  Great  SritamSoumaX  for  Dec,  1901  and  Jan,  1902. 

8  TO. 

FhHadelphia,  Academy  of  Natural  Science*— 'PwceediugB,  VoL  LIII.  Patt  2.    8to. 

190L 
Pho^graphic  Sodety,  Boyal — Photographic  Journal  foT  Not.-Doc.  1901  and  Jan. 

1902.    Sto, 
PAymool  Sofriaii^— Proceedings,  VoL  XVII.  Part  7.    8to.     190h 
RayUigh,  Lord,  D.C.L.  FM,8.  M.R.L  (£7**  ^itfftor)— Scientific  Papei^,  Vol.  lO. 

4to.     1902. 
Boyal  S&ciety  &f  Minburgh^PT0CfxdiDg&,  Vol,  XXI II  No.  5.     Sto.     UKJl, 
Rt^al  Soeieiy  of  Londoa— PhUoisophical  TnuSBflctioua,  A,  Noa.  298,  299 ;  B,  Noi, 
204,205.     4to.     U)01. 
Proceedings,  Nob.  451-154.    8vo.    1901^1902. 
Stdvioni,  Pro/.  Mnrieo  (the  AiUhor)— Stills  Volati!e««aaione  del  Mutchio.    Sto. 
1901. 
Frecsione  aimoeforieft.    Svo.    1901. 
Un  H130VO  igiotnetto,    8to.    1901. 
Miflura  di  miLBse.    8to.    190), 
Sehneider,  R  Eisq.  (the  Author}— Wie  Deutficbe  Baphdad-Bdin,    Sto.     19O0, 
Se^oUuh  Micxgweopical  Society — Proooodluga,  Vol.  Ill,  No,  2.    8to.     190L 
Seifiom«  ^ool<si];— Nature  Notes  for  Dec,  1901  and  J«i.  1902.    Stop 
SmithMonian  InBiitution — Annual  Report,  1900,    Sto.     1901. 
Soeieiy  of  ^rii^ouroa)  for  Dec*  1901  and  Jan.  1902.     8to. 
StatitHcal  Sodtly,  ^aJ—Journal,  Vol.  LXIV.  Part  4.    Svo.     1901. 
Toecflint',  Prof.  P,  Hon,  Mem.  EI.  (the  ^i*fftor)— Memorifi  lielta  Soeieft  d«cH 

Spettroaoopiati  Italiaui.  Vol,  XXX,  Disp.  lii.     4to.     1901. 
Teyler  Muieum^  HatUm^  AidhtTtEi  E4iiB  It  Vol,  VII.  PaH  4.    Sto,     1901. 


1902.'  General  MofUhly  Meeting.  47 

VmUd  Strviee  IngMnHont  IZojfoZ— Journal  for  Dec.  1901.    8to. 

Umied  StaieB  Arrn^^  Smr^eon-Qmerd^B  Qj^Soe— Index  Catalonie  to  the  Library. 

Sod  Ser.  Vol.  VI.     4to.     1901. 
lhiMi8tate»  Departmeni  of  AgrietUtun—Mimihly  Weather  Beview  for  Sept.  1901 . 

4to. 
Stttdiet  on  Bread  and  Bread  Making  at  the  Uniyenity  of  Minnesota.    8vo. 

1901. 
Firm  mr  BefSrdermng  dtt  Oewerbflei$9e$  in  Pren$9en — ^Verhandlnngen,  1901 . 

Heft  10.     8to. 
FifNaa,  00oIo0»eaZ  JfuMi«<^  JmiMria^-Verbandlnngen,  1901,  N  8to. 

Jahrboch.  Band  LI.  Heft  1.    8ro.    1901. 
WtAhtglmt  Academy  of  8eienee9--FroceeAvngB,Yo\.llI.  pp.  5i'[-S\2.    8yo.    1901 


48  Proftm>r  E.  Bay  Lanketier  [Feb*  7, 


WEEEL¥   EVENING  MEETING, 

Fridiiy,  Febnmiy  7,  1902. 

The  Eight  Hon.  Sir  Jamto  STmuwo,  M.A.  LL,D.  F.E.a, 
Vice-Preaidunt,  in  the  Chair. 

PnoFiBsoB  E.  Ray  Lankssteb,  M,A.  LL.D.  F.B,S.,  Director  of  the 
Natatal  History  Dcp^tment  of  the  BrttiBh  Mnfioum. 

The  New  Mamtrnti  from  Central  Africa^  and  it$  Melaiion  to  other 
Giraffe-like  Animah. 

PnopsseoB  Eat  La^^k^tek  began  bj  pointing  out  how  freqaentlj 
the  observation  Em  Africa  semper  aliqaid  nopi  had  been  esempUfied 
during  tbe  last  tift;  or  sixty  years  in  regard  to  diBcorerieB  in  geo- 
graphj  and  natural  btetorj.  He  went  ou  to  tell  how  Sir  Harry 
Johnston  had  fallen  in  with  a  party  of  the  dwarfi^  that  inhabit  the 
Semliki  forest,  who  were  being  taken  to  be  eljown  at  the  Paris 
Eihibition  by  a  German  epecnlator,  and,  thmkijig  that  a  viait  to 
Paris  would  not  be  apeeially  good  for  them,  had  conducted  them 
back  to  their  own  district.  TraYelliug  with  them,  he  took  the 
opportunity  of  asking  thetn  about  the  ammnls  of  the  forest,  in 
particular  inquiring  abont  an  anintal  which  had  been  heard  of  by 
Sir  E.  M,  Stanley.  In  this  way  be  w&s  informed  about  the  Okapi, 
and  obtained  from  tbe  dwarfs  some  pieces  of  its  skin,  which  on 
being  sent  home  to  England  were  not  unnaturally  supposed  to  be 
of  a  zebra,  probably  »  new  species.  Later,  Mr.  Eriksson,  the  officer 
in  charge  ot  one  of  tbe  posts  of  the  Congo  Independent  State,  sent 
him  a  skin  and  two  fikulls  of  the  Okapi.  These  he  despatched  to 
England,  at  the  same  time  identifying  the  animal  as  related  to  the 
giraffe. 

Profesaor  Laukester  then  showed  pictures  and  photographs  of 
the  animal  as  reconstructed  at  the  Natural  History  Museum  from 
thifi  skin  and  one  of  the  skulls,  pointing  out  the  pceuliarittes  of 
its  markings,  the  arrangement  of  the  stripes  on  its  lega,  the 
absence  of  secondary  hoofs  and  of  horns  on  its  head,  etc.  The 
skull  was  very  remarkable  for  the  development  of  the  hinder  part, 
and  for  a  ewelling  over  and  a  little  behind  the  eye,  which  ffuggested 
that  there  the  horn  would  grow  if  there  was  one*  This,  however, 
was  not  the  placo  where  the  honiB  occurred  in  the  giraffe,  as  was 
seen  by  a  comparison  of  their  ekulls  with  that  of  the  Okapi.  The 
teeth  of  the  larger  Okapi  skull  in  the  Museum  were  in  the  same 
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eoDdition  as  thoee  of  a  giraffe  abont  two-thirds  grown,  and  this,  and 
oCher  facta,  pointed  to  the  oonclnsion  that  the  aknll  belonged  to 
in  animal  at  that  stage  of  development  An  important  fact  was,  that 
the  canine  teeth  in  the  lower  jaw  of  the  Okapi  were  bifoliate,  and  the 
OTcnmstanoe  that  the  giraffe  was  the  only  other  known  animal  in 
which  this  pecnliarity  was  to  be  fonnd  was  strong  eridence  of  their 
tffinity.  The  teeth  in  the  sknll  at  the  Mnsenm  wore  only  milk-teeth, 
hat  the  bifoliation  was  detected  in  the  permanent  teeth  concealed  in 
the  bone  below.  The  Helladotherinm,  remains  of  which  had  been 
foimd  in  Greece,  and  to  which  Sir  Harry  Johnston  had  compared  the 
Okapi,  differed  too  mnch  to  jostify  naturalists  in  placing  them  in  the 
mne  genns,  though  doobtless  they  were  nearly  related.  The  Okapi 
hid  a  black  line  down  the  wrist,  not  quite  in  the  middlo,  and  round 
the  actual  wrist  was  a  ring  of  black.  Very  few  antelopes  had  any- 
thing of  the  kind,  but  it  was  found  in  some  goats.  Such  stripings 
were  difficult  to  aocoiut  for,  our  knowledge  of  elusive  optics,  of 
bri^t  markings  which  rendered  animals  invisible  even  in  broad 
daylight  to  a  person  looking  straight  at  them,  being  as  yet  insuf- 
fioent  to  explain  them.  In  conclasion,  the  lecturer  discussed  the 
types  of  horn-structure  found  in  different  animals,  with  reference  to 
the  question  whether  the  Okapi  was  primitive  in  not  having  horns, 
cr  whether  his  ancestors  had  had  them  and  lost  them.  The  facts, 
he  saici,  scarcely  admitted  of  this  question  being  answered  definitely 
eitber  way,  bnt  he  himself  was  inclined  to  think  that  the  ancestors 
of  the  Okapi  had  never  had  horns  of  any  size,  and  that  the  Okapi 
sad  tlie  giraffe  stood  near  the  beginning  of  horn  development  in  the 
Baminant  Ungpilates. 
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[Feb.  14, 


WEEELT  EVENING  MEETING, 
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Magic  Squares  and  other  Problems  on  a  Cheu-Board. 

The  constmction  of  magic  squares  is  an  amnsement  of  great  an- 
tiqnity ;  we  hear  of  them  being  constructed  in  India  and  in  China 
before  the  Christian  era,  whilst  they  appear  to  have  been  introduoed 
into  Europe  by  Moschopulus,  who  flourished  at  Constantinople  early 
in  the  fifteenth  century.  On  the  diagram  you  see  a  simple  ezamiue 
of  a  magic  square,  one  celebrated  as  being  drawn  by  Albert  Dfirer  in 
his  picture  of  "  Melancholy,"  {minted  al^ut  the  year  1600  (Fig.  1). 

It  is  one  of  the  fourth  order,  inTCuring 
16  compartments  or  cells.  Indeeoribinff 
such  squares,  the  horiaontal  lines  of 
cells  are  called  "  rows,"  the  vertioal  lines 
"  columns,"  and  the  oblique  lines  going 
from  comer  to  comer  **  diagonals.  In 
the  16  compartments  are  placed  the  first 
16  numbers,  1,  2,  8,  .  .  .  16,  and  the 
magic  property  consiBts  in  this,  that  the 
numbers  are  placed  in  such  wise  thst 
the  sum  of  the  numbers  in  eyery  row, 
column,  and  diagonal  is  the  same,  yii.  in 
this  case,  34. 

It  is  probable  that  magic  squares 
were  so  oilled  because  the  properties 
they  possessed  seemed  to  be  extraordinary  and  wonderful;  they 
were,  indeed,  regarded  with  superstitious  reverence,  and  employed 
as  talismans.  Cornelius  Agrippa  constructed  magic  squares  of  orders 
3,  4,  6,  6,  7,  8,  9,  and  associated  them  with  the  seven  heavenly 
bodies,  Satnm,  Jupiter,  Mars,  the  Sun,  Venus,  Mercury,  and  the 
Moon.  A  magic  square  engraved  on  a  silver  plate  was  regarded  as 
a  charm  against  the  plague,  and  to  this  day  such  charms  are  worn 
in  the  East. 

However,  what  was  at  first  merely  a  practice  of  magicians  and 
talisman  makers  has  now  for  a  long  time  become  a  serious  study  for 
mathematicians.  Not  that  they  Iwve  imagined  that  it  would  lead 
them  to  an^t^ng  of  solid  advantage,  but  because  the  theory  of  such 
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equtfee  was  seen  to  be  firanght  with  difficulty,  and  it  was  considered 
ponible  that  some  new  properties  of  nnmbers  might  be  discoTered 
which  maihematicianB  conld  turn  to  account,  lliis  has,  in  fact, 
prored  to  be  the  case ;  for  from  a  certain  point  of  view  the  subject 
his  been  found  to  be  algebraical  rather  than  arithmetical,  and  to  be 
intimately  connected  with  great  departments  of  science,  snch  as  the 
"  infinitesimal  calculus,"  "  the  calculus  of  operations,"  and  the  "theory 
of  groupa.*' 

In  the  next  diagram  (Fig.  2^  I  show  you  a  magic  square  of  order  6 , 
the  sum  of  the  numbers  in  each  row,  column,  and  diagonal  being  66. 
This  number  66  is  obtained  by  multi- 
plying 26,  the  number  of  cells,  by  the 
BBzt  iagher  number,  26,  and  then  divid- 
ing by  twice  the  order  of  the  square, 
fim.  10.  A  similar  rule  applies  in  the 
CMe  of  a  magic  square  of  any  order. 
The^  formation  of  tiiese  squares  has  a 
fcirrinatiop  for  many  persons,  and,  as  a 
eooseqiifinoe,  a  large  amount  of  iuge- 
imxty  has  been  expended  in  forming 
particnlar  examples,  and  in  discovering 
gBBsral  principles  of  formation.  As  an 
enmple  of  the  amount  of  labour  that 
some  have  expended  on  this  matter,  it 
aiaj  be  mentioned  that  in  1698  Fr6nicle, 

a  FieDohinan,  published  a  work  of  more  than  600  pages  upon  magic 
■qnaiefl.  In  ttiis  work  he  showed  that  880  magic  squares  of  Uie 
fourth  order  could  be  constructed,  and  in  an  appendix  he  gave  the 
actual  diagrams  of  the  whole  of  them.  The  number  of  magic  squares 
of  the  order  6  has  not  been  exactly  determined,  but  it  has  been  shown 
thai  the  number  certainly  exceeds  60,000. 

As  a  consequence  it  is  not  very  difficult  to  compose  particular 
lens,  and,  for  the  most  part,  the  fascinated  individuals  to 
I  have  alluded  have  devoted  their  energies  to  the  discovery  of 
principles  of  formation.  Of  such  principles  I  will  give  a  few,  re- 
marking that  the  cases  of  squares  of  uneven  order,  1,  3,  6,  •  .  .  are 
more  simple  than  those  of  even  order,  4,  6,  .  .  .  and  that  no  magic 
square  of  order  2  exists  at  all.  The  simplest  of  all  methods  for  an 
uneven  order  is  shown  in  the  diagram  (Fig.  8),  where  certain  addi- 
tional cells  are  added  to  the  square,  the  numbers  written  as  shown  in 
natural  order  diagonally,  and  then  the  numbers  which  are  outside 
the  square  projected  into  the  empty  compartments  according  to  an 
easily  understood  law.  The  second  method  is  associated  with  the 
name  of  De  la  Lonbdre,  though  it  is  stated  that  he  learnt  it  during 
a  visit  to  Siam  in  1687.  The  number  1  (see  Fig.  2)  is  placed  in  the 
middle  cell  of  the  top  row,  and  the  successive  numbers  placed  in 
their  natural  order  in  a  diagonal  line  sloping  upwards  to  the  right, 
■at{ject  to  the  laws : — 

■  2 
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(1)  When  the  top  row  is  reached,  the  next  number  is  written  at 
the  bottom  of  the  next  oolomn. 

(2)  When  the  right-hand  colnmn  is  reached,  the  next  number  is 
written  on  the  left  of  the  row  above. 

(8)  When  it  is  impossible  to  proceed  according  to  the  abore 
rules,  the  nnmber  is  placed  in  the  cell  immediately  below  the  last 
number  written. 

If  we  commence  by  writing  the  nnmber  1  in  any  cell  except  that 
above  indicated  a  square  is  reached  which  is  magic  in  regard  to  rows 
and  columns,  but  not  in  regard  to  diagonals. 
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Subsequent  writers  have  shown  that  starting  with  the  loft-hand 
bottom  cell  and  using  the  move  of  the  knight  instead  of  that  of 
the  bishop,  the  general  principal  of  De  la  Loubdre  will  also  lead 
to  a  magic  square  (Fig.  4).  The  next  method  is  that  of  De  la  Hire, 
and  dates  from  1706.  Two  subsidiary  squares  are  constructed  as 
shown,  the  one  involving  five  numbers,  1,  2,  3,  4,  5,  and  the  other 
five  numbers  0,  6,  10,  16,  20.  When  these  squares  are  properly 
formed  and  a  third  square  constructed  by  adding  together  the  num- 
bers in  corresponding  colls,  this  third  square  is  magic  (Fig.  6).  Time 
does  not  permit  me  to  enter  into  the  exact  method  of  forming  the 
subsidiary  squares,  and  I  will  merely  mention  that  each  of  them  pos- 
sesses a  particular  property,  viz.  only  five  difierent  numbers  are  in- 
volved, and  all  five  appear  in  each  column  and  in  each  row ;  in  other 
words,  no  row  and  no  column  contains  two  numbers  of  the  same  kind, 
but  no  diagonal  property  is  necessarily  involved.  8uch  squares  are  of 
a  great  scientific  importance,  and  have  been  termed  by  Euler  and 
subsequent  writers  "  Latin  squares,"  for  a  reason  that  will  presently 
appear.  From  a  scientific  point  of  view,  the  chief  interest  of  all 
arrangements  such  as  I  consider  this  evening  lies,  not  in  their  actual 
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foTmation,  bat  in  the  enumeration  of  all  possible  ways' of  forming 
them,  and  in  this  leepeot  yery  little  has  been  hitherto  aohieved  by 
mathematioians.  No  person  living  knows  in  how  many  ways  it  is 
possible  to  form  a  magio  sqnare  of  any  order  exceeding  4.  The  &ct  is, 
that  before  we  can  attempt  to  enumerate  magic  squares  we  most  see 
our  way  to  solye  problems  of  a  fiir  more  simple  character.  For  ez- 
imple,  before  we  can  enumerate  the  squares  that  can  be  formed  by 
De  la  Hire's  method  we  must  take  a  first  step  by  finding  out  how 
■any  Latin  squares  can  be  formed  of  the  different  orders.  For 
Ike  order  6  the  question  is,  **  In  how  many  ways  can  fiye  different 
ofcgeets  be  placed  in  the  cells  so  that  each  column  and  each  row 
OQUtainB  ea<^  object  ?  "    It  may  occur  to  some  here  this  eyening  that 
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■eh  a  discussion  might  be  interesting  or  curious,  but  could  not  pos- 
■Uy  be  of  any  scientific  value.  But  such  is  not  the  case.  A  depart- 
■flot  of  mathematics  that  is  universally  acknowledged  to  be  of  f unda- 
■atal  importance  is  the  "  theory  of  groups.**  Operations  of  this  theory 
ad  those  connected  with  logical  and  otiier  algebras  possess  what  is 
tmied  a  ^  multiplication  table/'  which  denotes  the  laws  to  which 
the  operations  are  subject.  In  Fig.  6  you  see  such  a  table  of  order  6 
dil^tly  modified  from  Bumside's  'Treatise  on  the  Theory  of 
Groups';  it  is,  as  you  see,  a  Latin  square,  and  the  chief  pro- 
blem that  awaits  solution  is  the  enumeration  of  such  tables;  the 
QiMtionn  are  not  parallel  because  dU  Latin  squares  do  not  give  rise 
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to  tMm  in  the  tkeoiy  of  groape;  bat  Ml^  we  miut  walk  before  we 
oen  run,  and  a  step  in  the  right  direction  ia  the  ennmeration  of  oO 
Latin  sqnarea.  When  I  call  to  mind  that  the  theory  of  groape 
haa  an  important  bearing  upon  many  branchee  of  phjaical  edenc^ 
notably  npon  djnamica,  I  eonaider  that  I  ha^e  made  good  my 
point. 

I  now  oonoentrate  attention  on  theae  Letin  ■qnarei,  and  obeerfe 
that  the  theory  of  the  ennmeration  hae  nothing  to  do  with  the  par- 
ticnlar  nmnbera  that  occupy  the  compartmenta ;  the  only  oawntiil 
is  that  the  numbers  shall  be  different  one  from  another.  My  atten- 
tion was  first  called  to  the  subject  of  the  Latin  sqoare  by  a  work  of 
the  renowned  mathematician  Eoler,  written  in  1782,  'Recherohfle 
snr  nne  nouvelle  espece  de  Qnarr^s  Magiqnea.'  I  may  say  that 
Enler  seems  to  have  been  the  first  to  grasp  the  necessity  of  considar- 
ing  sqnares  possessing  what  may  be  termed  a  magical  property  of  a 
far  less  recondite  character  than  that  possessed  by  the  magb  squares 
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of  the  ancients,  and,  as  we  shall  see  presently,  he  might  have  gone  a 
step  further  in  the  same  direction  with  adyantage  and  haye  oom- 
menoed  with  arrangements  of  a  more  simple  character  than  that  of 
the  Latin  square,  with  arrangements,  in  fiMt,  which  present  no  diffi- 
culties of  enumeration,  but  which  supply  the  key  to  the  unlocking 
of  the  secrets  of  which  we  are  in  search.  He  commences  by  re- 
marking that  a  curious  problem  had  been  exercising  the  wits  of  many 
persons.  He  describes  it  as  follows :  There  are  36  officers  of  six 
different  ranks  drawn  from  six  different  regiments,  and  the  problem 
is  to  arrange  them  in  a  square  of  order  6,  one  officer  in  each  com- 
partment, in  such  wise  that  in  each  row,  as  well  as  in  each  column, 
there  appears  an  officer  of  each  rank  and  also  an  officer  of  each 
regiment.  Of  a  single  regiment  we  have,  suppose,  a  colonel,  lieu- 
tenant-colonel, majr>r,  captain,  first  lieutenant  and  second  lieutenant, 
and  similarly  for  five  other  regiments,  so  that  there  are  in  all  36 
officers  who  must  be  so  placed  that  in  each  row  and  in  each  column 
each  rank  is  represented,  and  also  each  regiment*    Euler  denotes 
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the  nx  legiments  by  the  Latin  letters  a,  6,  c,  (2,  e,  /,  and  the  six 
nnki  by  the  Greek  letters  a,  fiy  y,  S,  c,  $,  and  observes  that  the 
eharacter  of  an  officer  is  determined  by  a  combination  of  two 
letters,  the  one  Latin  and  the  other  Greek;  there  are  36  snch 
oombinAtionay  and  the  problem  consists  in  placing  these  combi- 
nations in  the  36  compartments  in  snch  wise  that  eyery  row  and 
every  oolnmn  contains  the  6  Latin  letters  and  also  the  6  Greek 
letters  (Fig.  7).  Euler  foond  no  solution  of  this  problem  in  the 
eMe  of  a  square  of  order  6,  and  since  Enler's  time  no  one  has  suo- 
eeeded  either  in  finding  a  eolation  or  in  preying  that  no  solution 
exists.  Anyone  interested,  has,  therefore,  this  question  before  him 
tt  the  preeent  moment,  and  I  recommend  it  to  anyone  present  who 
desires  an  exercise  of  his  wits  and  a  trial  of  his  patience  and  inge- 
nuity. It  is  easy  to  prove  that  when  the  square  is  of  order  2, 
▼is.  the  case  of  4  officers  of  two  different  ranks  drawn  from  two  dif- 
ferent regiments,  there  is  no  solution ;  Euler  gave  his  opinion  to  the 
effsot  that  no  solution  is  possible  whenever  the  order  of  the  square  is 
two  greater  than  a  multiple  of  four.  Li  other  simple  cases  he  ob- 
tained solutions;  for  example,  for  the  order  3,  the  problem  of  9 
officers  of  three  different  ranks  drawn  from  three 
diffinent  raiments,  it  is  easy  to  discover  the  solution 
shown  in  the  diagram  (Fig.  8),  and,  as  demonstrated 
by  Euler,  whenever  one  solution  has  been  constructed 
there  is  a  simple  process  by  which  a  certain  number 
of  others  can  be  derived  from  it.  Now,  if  you  look 
at  that  diagram  and  suppose  the  Greek  letters  oblite- 
rated, you  will  see  that  the  Latin  letters  are  arranged 
so  that  each  of  the  letters  occurs  in  each  row  and  in  Fio.  8. 

each  column,  the  magical  property  mentioned  above, 
and  for  this  reason  Euler  termed  such  arrangements  Latin  squares  and 
stated  that  the  first  step  in  the  solution  of  the  problem  is  to  enume- 
rate the  Latin  squares  of  a  given  order.  As  showing  the  intimate 
connection  between  the  Grseco-Latin  square  of  Euler  and  ordinary 
magic  squares,  it  should  be  noticed  that  the  method  of  De  la  Hire, 
by  employing  Latin  and  Greek  letters  for  the  elements  in  his  two 
subsidiary  lAtin  squares,  gives  rise  immediately  to  the  Grasco-Latin 
square  of  Euler.  Euler  says  in  regard  to  the  problem  of  the  Latin 
square,  "  The  complete  enumeration  of  the  Latin  squares  of  a  given 
order  is  a  very  important  question,  but  seems  to  me  of  extreme  diffi- 
culty, the  more  so  as  all  known  methods  of  the  doctrine  of  combina- 
tions appear  to  give  us  no  help,"  and  again,  "  the  enumeration  appears 
to  be  beyond  uie  bounds  of  possibility  when  the  order  exceeds  5." 
Horeover,  Oayley,  in  1890,  that  is  108  years  later,  gave  a  risumS  of 
what  had  been  done  in  the  matter,  but  did  not  see  his  way  to  a 
solution  of  the  question.  Under  these  circumstances,  you  will  see 
how  futile  it  is  to  expect  a  solution  of  the  magic-square  problem  when 
the  far  simpler  question  of  the  Latin  square  has  for  so  long  proved 
such  a  tough  nut  to  crack.    The  problem  of  the  Latin  square  has 
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eventually  been  completely  eolved^  and  in  ordor  to  load  you  up 
gradually  to  an  under  standing  of  tbe  method  that  has  proved  Bucceas- 
fal,  I  auk  you  to  lock  at  the  Latin  sqnare  of  order  5  that  you  see  in 
the  diagram  (Fig.  9).  The  first  row  of  letters  can  be  written  in  vaj 
ordeTf  but  not  go  tbe  eocond  row,  for  each  col d mo  when  the  second 
row  ia  wiitten  must  contain  two  different  letters*  We  must,  there- 
fore, be  able  to  solve  tbe  comparatively 
Bimple  qtiestton  vf  the  number  of  pos- 
sible arrangements  of  the  first  two  rows. 
For  a  given  order  of  the  letters  in  the 
first  row,  in  how  many  ways  can  we 
write  tbe  letters  in  the  second  row  so 
that  each  column  contains  a  pair  of 
different  letters?  This  is  a  famous 
question^  of  which  tbe  solution  is  well 
known;  it  is  known  to  matheiuatieiang 
as  the  *'  probl&me  des  rencontres."  It 
may  be  stated  in  a  variety  of  ways ;  one 
of  the  most  interesting  is  as  follows: 
A  person  writes  a  number  of  letters  aud 
addressBG  tbe  correapoDding  envelopes ; 
if  he  DOW  puts  the  letters  at  random  into  the  envelopi^a,  what  is  tbe 
probability  that  not  a  aingle  latter  is  in  the  rigbt  envelope? 

Pat^sing  on  to  tbe  prublem  of  deterniiDing  the  number  of  ways  of 
arranging  the  first  three  rows  so  that  each  coltimn  contains  three 
difftirent  letters,  it  may  be  stated  that  up  to  1898  no  solution  of  it 
bad  been  given  ;  while  it  is  obvious  that  as  tbe  number  of  the  rows 
is  inoreaeo']  tbe  resulting  problems  will  be  of  enbauoed  difficulty.  A 
particular  case  of  the  tbree-row  pmblem  had,  hotirevar,  boeu  con- 
sidered under  tbe  title  "pntbl^me  dee  manages"  and  a  solution 
obtained.     It  may  be  stated  as  full  owe : — 

A  given  number  of  married  ladies  take  their  seats  at  a  round  table 
in  given  positions  ;  in  bow  many  ways  oan  their  husbauda  be  seated 
so  that  each  is  between  two  Indies,  but  not  next  to  bis  own  wife  ? 
For  order  5,  that  i a  five  ladit^s,  the  queation  comes  to  this :  Write 
down  5  letters  and  underneath  them  tbe  mme  letters  shifted  one 
place  to  the  left ;  in  bow  many  ways  can  the  third  row  b©  written  so 
that  each  column  contains  three  different  letters  ?  This  piirticular 
case  of  the  three-row  problem  for  any  order  presents  no  real  difficulty. 
The  results  are  that  in  the  cases  of  3,  4,  5,  6  .  *  .  married  couples 
there  are  1,  2,  13,  80,  etc.  way  p. 

Since  tbe  year  1890,  tbe  problem  of  tbe  Latin  square  baa  been 
completely  Golved  by  an  entirely  new  method,  which  has  also  proved 
successful  in  solving  similar  questions  of  a  far  more  recondite 
character,  and  I  am  here  this  evening  to  atl^empt  to  give  you  some 
nution  fif  tbe  method  Hnil  aome  fico^mnt  of  the  series  of  problems  to 
which  that  methud  hii.s  i)een  found  to  be  applicable. 

There   is,  ae   viewed   mathematically,  a  fundamental  difference 
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^Mtveen  Arithmetio  and  algebra ;  the  former  may  be  regarded  as  an 
ilgebni  in  wluch  the  nomerioal  magnitades  under  consideration  are 
mtricted  to  be  integers  ;  the  two  branches  contemplate  discontinooos 
lid  OQQtinoons  magnitude  respectivelj.  Similarly,  in  geometry  we 
kfe  the  continnona  theory,  which  contemplates  figures  generated  by 
poiatB  moTing  from  one  place  to  another  and  in  doing  so  passing  over 
IB  infinite  anoceasion  of  points,  tracing  a  line  in  a  plane  or  in  space, 
iDd  also  a  diaoontinnoas  theory,  in  which  the  position  of  a  point 
mies  soddenly,  per  aaUumj  and  we  are  not  concerned  with  any  con- 
tiaaoiisly  Tarying  motion  or  position.  The  present  problems  are 
eoaeemed  sometimes  with  this  discontinuous  geometry  and  sometimes 
lith  an  additional  discontinuity  in  regard  to  numerical  magnitude, 
ad  the  object  is  to  count  and  not  to  measure.  Far  removed  as  these 
ftesdons  are,  apparently,  from  the  subject-matter  of  a  calculus  of 
iifinitely  small  quantities  and  the  Tariation  of  quantities  by  infini- 
iHimal  increments,  my  pnrpose  is  to  show  that  they  are  intimately 
flonneeted  with  them  and  that  success 
k  a  neoeasary  consequence  of  the  re- 
ktioiiship.  I  must  first  take  you  to  a 
matik  simpler  problem  than  that  of  the 
latin  square,  to  one  which  in  a  variety 
tf  ways  is  very  easy  of  solution,  but 
«yeh  happens  to  be  perhaps  the  sim- 
plest illostration  of  the  method.  In  the 
puae  of  chess  a  castle  can  move  either 
kriaontally  or  vertically,  and  it  is  easy 
h  place  8  castles  on  the  board  so  that 
10  piece  can  be  taken  by  any  other 
pises.  One  such  arrangement  is  shown 
m  Fig.  10.     The  condition  is  simply  Fig.  10. 

ftst  one  castle  must  be  in  each  row  and 

iIk>  in  each  colamn.  Every  such  arrangement  is  a  diagrammatic 
iqsesuntation  of  a  certain  mathematical  process  performed  upon  a 
■rtain  algebraical  function.  For  consider  the  process  of  differen- 
tiiting  i^  ;  it  may  be  performed  as  follows :  Write  down  «^  as  the 
indnet  of  8  x% 

xxxxxxxx, 

■iiiow  substitute  unity  for  x  in  all  possible  ways  and  add  the  results ; 
is  snbatitation  can  take  place  in  eight  different  ways,  and  the  addi- 
tioB  results  in  8  a;^,  which  will  be  recognised  as  the  differential  co- 
iident.  Observe  that  the  process  of  differentiation  is  thus  broken 
ipinto  eight  minor  processes,  each  of  which  may  be  diagrammatically 
fifnsented  on  the  first  row  of  the  chess-board  by  a  unit  placed  in  the 
lonpartment  corresponding  to  the  particular  x  for  which  unity  has  been 
■Wtnted.  If  ^e  now  perform  differentiation  a  second  time,  we  may 
^  the  results  of  the  above  minor  processes  and  in  each  of  them  again 
aUtitnte  unity  for  a;  in  all  possible  ways ;  since  in  each  the  sub- 
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stitntion  can  take  place  in  BBven  different  ways,  it  is  Been  that  we 
can  regard  the  prooeea  of  differentiating  twice  as  composed  of  8  x 
7  =  56  minor  precesiieii,  each  of  whieli  can  be  diagmmniaticallj 
represented  by  two  unite,  one  in  each  of  the  first  two  rows  of  the 
chessboard}  in  pogitions  corresponding  to  the  subfititntiong  of  unity 
for  X  that  haTe  been  carried  out.  Proceeding  in  this  manner  in 
regnlar  order  up  to  the  eighth  differentiation,  we  find  that  tbe  whole 
prooesa  of  differentiating  x^  eight  times  in  sncceseion  can  be  de* 
oompoeed  into  8  x  7  x  6  x  5x4x3x2x1  =  40,320  minor 
proceases,  each  of  which  is  denoted  by  a  diagram  which  alight  re- 
flection shows  is  a  flolution  of  the  castle  problem  (Fig.  11)«     There 
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orey  in  fact,  no  mare  solutions,  and  the  whole  series  of  40,320  dia- 
grams constitntes  a  picture  in  detail  of  the  differentiations.  Simple 
diffiatrontiations  of  integral  powers  thus  yield  the  enmoerative  sola- 
tione  of  the  castle  problem  on  chess-boards  of  any  size. 

We  have  here  a  olae  to  a  method  for  the  inveetigation  of  these 
ohess-boArd  problems;  it  is  tbe  grain  of  mnstard  seed  which  has 
grown  0p  into  a  tree  of  vigorous  growth,  throwing  out  branahes  and 
roots  in  all  sorts  of  unexpected  directions.  The  above  illqstrations 
of  differentiation  gave  birth  to  the  idea  that  it  might  be  possible  to 
design  pairs  of  mathematical  proeesees  and  functions  which  would 
yield  the  solution  of  chess-board  problems  of  a  more  difficult  cha- 
meter.  Two  plans  of  operation  present  themselves.  In  the  first 
plaoa  we  may  take  up  a  particular  question,  the  Latin  square  for 
instance,  and  attempt  to  design,  on  the  one  hand,  a  process,  aed,  on 
the  other  hand,  a  function  the  combination  of  which  wUl  lead  to  ^e 
series  of  diag:rams.  In  the  second  place,  we  may  have  no  particular 
problem  in  view,  but  simply  start  by  designing  a  process  and  a 
function,  and  examine  the  properties  of  the  series  of  diagrauis  to 
which  the  combination  leads.  The  first  of  these  plans  is  the  more 
difficult,  but  was  actually  accomplished  in  the  ease  of  the  Latin  square 
and  some  other  qnesUons ;  hut  the  second  plan,  which  is  the  proper 
method  of  inreatigation,  met  with  great  suooess,  atid  the  Latin  squaie 
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iM  one  of  itB  first  TiotimB,  a  solntion  of  a  more  elegant  nature  being 
obluDed  ihaa  tliat  whioh  had  resulted  from  the  first  plan  of  operations. 
There  ia  aooh  an  extensiTe  choice  of  processes  and  functions  that 
■soy  solntiona  are  obtainable  of  any  particolar  problem.  I  will  now 
gife  yoQ  an  idea  of  a  solution  of  the  Latin  square,  which  is  not  the 
■ost  elegukt  that  has  been  foond,  bat  whioh  is  the  most  soitable  to 
oplain  to  an  aodience.  Sappose  we  haye  fiye  collections  of  objects, 
Mdi  collection  containing  the  same  five  different  objects,  a,  &,  e,  d,  e 
(fig.  IS).     I  sappose  the  objects  distributed  amongst  five  different 
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in  the  following  manner :  The  first  person  takes  one  object 
from  each  coUeotiaD,  so  as  to  obtain  each  of  tiie  five  objects ;  he  can 
do  this  in  120  diiSBrent  ways ;  we  wOl  sappose  that  he  takes  a  from 
die  first,  h  from  the  second,  e  from  the  third,  d  from  the  fourth,  e 
from  the  fifth ;  the  collections  then  become  ss  yon  see  in  Fig.  12, 
SBcond  row.  Now  sappose  the  second  man  to  advance  with  the  in- 
tention of  taking  one  object  from  each  collection  and  obtaining  each 
ef  the  fiye  obje^ :  he  hss  not  the  same  liberty  of  choice  as  had  the 
irat,  because  he  cannot  take  a  from  the  first  collection  or  6  from  the 
leeraid,  etc.  However,  he  has  a  good  choice  in  his  selection,  and  wo 
will  suppose  him  to  take  6  from  the  first  collection,  d  from  the  second, 
e  from  ttie  third,  a  from  the  fourth,  c  from  the  fifth.  The  collections 
then  become  as  you  see  in  the  third  row.  The  third  man  who  has 
the  same  task  finds  his  choice  more  restricted,  but  he  elects  to  take  c 
from  the  first,  e  from  the  second,  d  from  the  third,  b  from  the  fourth, 
and  a  from  the  fifth.  The  fourth  man  finds  he  can  take  d,  c,  a,  e,  6, 
and  this  leayes  e,  a,h,  c^d  for  the  last  man.  If  we  plot  the  selec- 
tions that  have  been  made  by  the  fiye  men,  we  find  the  Latin  square 
•hown  in  Fig.  9. 

Every  division  of  the  objects  that  can  be  made  on  this  plan  gives 
liie  to  a  Latin  square,  and  all  possible  distributions  give  rise  to  the 
whole  of  the  Latin  squares.  Now  it  happens  that  a  mathematical 
process  exists  (connected  with  algebraical  symmetric  functions)  that 
acts  towards  a  function  representing  the  five  collections  in  exactly 
the  same  way  as  I  have  supposed  the  men  to  act,  and  when  the  pro- 
Mss  is  performed  five  times  in  succession,  an  integer  results  which 
denotes  exactly  the  number  of  Latin  squares  of  order  5  that  can  be 
eonstmcted.  Moreover,  en  route  the  "  probldme  des  rencontres  "  and 
ihe  problems  connected  with  any  definite  number  of  rows  of  the 
a^oaie  are  also  solved. 
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I  will  now  mention  some  qnesiionB  of  a  more  diAoolt 
that  are  readily  sclved  by  the  method.  In  the  *<probUme  del 
manages  "  yon  will  recollect  that  the  condition  ww  that  no  man  dimI 
ait  next  to  his  wife.  If  the  condition  be  that  there  must  be  at  ktil 
fonr  (or  any  eyen  nnmber)  persons  between  him  and  Ids  wife,  tti 
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qnestion  is  jnst  as  easily  solved.  Latin  squares  where  the  letten 
are  not  all  different  in  each  row  and  column  are  easily  oonntei. 
niostrations  of  these  are  shown  in  Fig.  18.  One  of  these  extended 
to  order  8  gives  the  solotion  of  the  problem  of  placing  16  castles  on 
a  chess-board,  8  black  and  8  white,  so  that  no  castle  can  take  another 
of  its  own  colour. 

Theoretically,  the  Gneco-Latin  squares  of  Euler  can  be  oonnfted, 
but  I  am  bound  to  say  that  the  most  laborious  calculations  axe 
sary  to  arrive  at  a  numerical  result,  or  even  to  establish  that 
certain  cases  the  number  sought  is  zero. 
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Next  consider  a  square  of  any  size  and  any  number  of  different 
letters,  each  of  which  must  appear  in  each  row  and  in  each  column, 
while  there  is  no  restriction  as  to  the  number  that  may  appear  in  any 
one  compartment.  In  this  case  the  result  is  very  simple :  suppose 
the  square  of  order  4  (Fig.  14),  and  that  there  are  seven  different 
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£llen  tii&t  mast  appe&r  in  enoh  row  and  ooloimi ;  the  nninber  of  or- 
angeroenta  is  (4 1)^,  vi«,,  4  the  order  of  the  equwe,  mtiat  be  miilti- 
[tlidd  by  each  lower  Bomber,  and  the  number  thtis  reached  mulUpLied 
mweti  timefi  by  itself. 

Finally,  if  there  be  given  for  each  row  and  for  each  column  a 
diflerent  anaombhige  of  tetters  and  no  reetnction  be  placed  upon  the 
oontenis  of  any  compartment,  the  number  of  equarea  in  which  all 
&ew  oouditionB  are  satigfied  can  be  counted.  This,  of  course,  is  a 
&r  more  recondite  question  than  that  of  the  Latin  square>,  and 
oamol  be  attacked  at  all  by  any  other  method, 

I  now  pasB  to  certain  purely  numerical  problems.  Suppose  we 
liATQ  a  N|iuyr«  Ut^oe  of  any  size  and  are  told  that  numbers  are  to  be 
^•eed  in  the  compartments  in  such  wise  that  the  sums  of  the  ntimbors 
m  tiie  different  rowB  and  columns  are  to  have  any  given  values  the 
■me  or  different  This  very  general  question,  hitherto  regarded  as 
iiiaww  Fill  ill .  is  solved  quite  eaiily.  The  solution  Is  not  more  diffi- 
cult when  the  lattice  is  rectangular  instead  of  square  and  when 
any  desired  Umitatioxi  is  imposed  upon  the  magnitude  of  the 
sunbers. 

Up  to  this  points  the  Bolutions  obtained  depend  upon  processes  of 
the  differential  calculus.  A  whole  series  of  other  problems,  similar 
m  general  character}  but  in  one  respect  essentially  different,  arioea 
feem  the  processes  of  the  calculus  of  finite  differences.  Into  these 
iiM  does  not  permit  me  to  enter.  In  the  case  of  magic  squares  as 
IBienlly  understood,  the  method  brought  forward  marks  a  distinct 
idvanoe  in  connection  with  De  la  Hire's  method  of  formation  by 
neana  of  a  pair  of  Latin  squari^s,  but  apart  from  this  a  great  diS- 
eulty  ifi  involved  in  the  condition  that  no  two  numbers  must  he  the 
Still,  a  statement  can  he  made  as  to  a  succession  of  mathe^ 
processes  which  result  in  a  number  which  enumerates  the 
eqaares  of  a  given  order.     In  any  cases  eicept  those  of  the 

few  orders^  the  processes  involve  an  absolutely  prohibitiTe 
mmiDt  of  labour,  so  that  it  cannot  yet  be  said  that  a  practical 
lelistion  of  the  question  has  been  obtained. 

Scientifically  speaking,  it  is  the  assignment  of  the  processes  and 
sol  tbe  actual  performance  of  them  that  is  intereetiug ;  it  is  the 
iaiihwl  involved  rather  than  the  results  flowing  from  the  method 
l^t  is  attractive;  it  is  the  connecting  link  between  two,  to  all 
appearanee^  widely  separated  departments  of  mathematics  that  it  has 
betn  Cueinating  to  forgo  and  to  Btrengthen.  Of  all  the  subjects  that 
for  bsntlreds  of  years  past  have  from  time  to  time  engaged  the  atten- 
tioo  of  math emalieiaus^  perhaps  the  most  isolated  has  been  the  subjeot 
of  tlieae  chess-board  arrangements.  This  isolation  dues  not,  I  believe* 
any  loDgter  eost.  The  whole  series  of  diagrams  formed  according  to 
asy  givieii  kwa  must  be  regarded  as  a  pictorial  representatioD,  in 
tteat  detail,  of  the  manner  in  which  a  certain  process  it^  performed. 
bsw  to  exercise  our  wits  to  discover  what  this  [>rocees  is.     To  say 

In  eatabllsb  that  problems  of  the  general  nature  of  the  magic 
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aqmie  are  intimately  oonneoted  with  the  infinitesiiiial  otlooliui  aai 
the  oaleolas  of  finite  differences  is  to  sum  the  matter  up.  Mttohy 
howerer,  remains  to  be  done.  The  present  method  is  not  able  to  dsil 
with  diaggnal  properties,  or  with  arrangements  which  depend  upon 
the  kni^t's  moTe.  Hie  sabject  is  only  in  its  in&noj  at  pre 
More  workers  are  reqoired  who  will,  without  donbt,  introdnoe 
ideas  and  obtain  remits  tu  transcending  those  we  axe  in 
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of  now.  The  latest  work  has  shown  that  the  method  is  applicable  to 
boards  of  triangular  and  trapezoidal  shapes,  and  also  to  solid  boards 
in  three  dimensioDS,  so  that  the  remote  gronnd  occnpied  by  magic 
and  Nasik  cubes  will  soon  be  invaded. 

In  conclusion,  I  bring  before  you  an  interesting  example  of  magic 
arrangement  that  I  found  whilst  engaged  in  rummaging  amongst  the 
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boob  ind  doemnentB  of  the  old  Mathematioal  Sooieiy  of  Spitalfidds 
(1717-1845)  for  the  purpose  of  eztnotiiiff  Bomething  which  might 
atoMior  amuse,  if  it  might  not  insinicst,  me  sudience  I  addressed  in 
Sedion  A  of  the  Britiah  Associaiion  for  the  AdTanoement  of  Science  at 
GlMgow  last  anioniii.  It  is  an  arrangement  for  the  first  eighteen 
nmbon  on  fire  ocmneoted  triangles ;  the  magical  property  consistB 
m  the  drcamatanoe  that  the  nnmhers  19,  88  and  67  appear  as  sums 
m  i  fiiiety  of  waya.  The  nnmher  19  appears  nine  times,  88  twcdre 
tiaoi  md  57  foiirteen  times  (Fig.  16). 

I  ihoald  aaj  that  I  feel  consdons  that  I  haye  not  been  aUe  to 
atroduoe  the  snbjeot  of  my  lecture  without  occasional  and,  perhaps, 
m  tlie  circomatanoea,  nnavoidable  obscurity.  For  the  rest,  I  haye 
tit  aomewhat  donbtftil  as  to  the  interest  I  might  arouse  in  these 
pnUems,  bat  the  managers  honoured  me  by  inyiting  me  to  display 
Id  yon  some  of  the  chips  from  a  pure  mathematician's  workshop,  and 
I  felt  no  hesitation  in  accepting. 
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WEEKLY   EVENING  MEETING, 

Fridmy,  Febnury  21, 1902. 

Hu  Gbacb  The  Duxs  of  Nobtbumbiblaxd,  E.G.  D.C JL.  F.B.S., 
Pieaident,  in  the  Cludr. 

W.  DuDDELi^  Esq. 

Mutieal  and  TaWng  EUdrie  ArcM. 

It  is  almost  exactly  a  centmy  siiioe  the  discovery,  and  first  ezfaibituiii 
of  the  electric  arc  in  the  lecture  theatre  of  the  Boyal  Institation  hy 
Sir  Bunphiy  Davy.  Daring  these  hundred  years  attention  has 
been  chiefly  centred  on  the  li^t  given  oat  by  the  arc  and  on  its 
practical  atilisation.  This  evening,  however,  I  will  treat  more  par- 
ticolarly  of  the  sound s  it  can  produce.  It  is  only  of  late  years  that 
any  interest  has  been  taken  in  these  soands,  and  this  interest  has 
chiefly  originated  from  the  work  of  Mrs.  Ayrton,  who  classified  and 
described  Uie  noises  which  arcs  produce  under  dijflkrent  conditions  of 
working. 

The  sounds  emitted  by  electric  arcs  can  be  divided  into  two 
classes — those  produced  spontaneously,  and  those  due  to  outside  causes 
acting  on  the  arc  iteelf  or  on  the  circuit  supplying  it  In  either  caso 
the  sound  waves  seem  due  to  the  rapid  variations  in  the  volume  of 
the  vapour  column  which  exists  between  the  two  electrodes.  If  the 
current  through  any  direct  current  arc  be  increased  or  decreased 
slowly,  and  if  the  vapour  column,  or  better  still,  its  image  projected 
on  a  screen  be  examined,  it  will  be  at  once  apparent  that  an  incresse 
in  the  current  flowing  through  the  arc  is  accompanied  by  an  increase 
in  the  size  of  the  vapour  column,  and  vice  versa.  Let  the  current  be 
periodically  increased  and  decreased,  and  the  vapour  column  will  also 
expand  and  contract  periodically,  and  if  the  variatious  in  the  current 
and  the  consequent  periodic  expansion  and  contraction  of  the  vapour 
occurs  with  sufficient  frequency,  audible  soands  are  produced. 
This  can  easily  be  demonstrated  either  by  causing  part  of  the  direct 
current  which  flows  through  the  arc  to  pass  through  and  operate  an 
electrically  driven  tuuiug-fork,  or  by  adding  to  the  direct  cunent 
flowing  through  the  arc  an  alteniating  current 

The  sensibility  of  the  arc  to  small  variations  in  the  current  sup- 
plying it  is  really  surprisiDg  ;  for  instance,  the  small  fluctuations  in 
the  current  supplied  by  a  direct  current  dynamo,  caused  by  the  com- 
mutator segments  passing  under  the  brushes,  can  generally  be  dis- 
tinctly heard  in  any  arcs  supplied  by  it.  A  Wehnelt  or  other 
powerful  interrupter  connected  to  the  street  mains  will  cause  any 
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lies  fed  from  tbene  maiiiB  to  giye  oat  the  charoctoristic  noises,  OTen 
thoagh  considerable  distances  intervene  between  the  points  of  con- 
nection to  the  mains. 

In  some  experiments  on  the  resistance  of  the  arc,  in  the  course  of 
which  a  small  alternating  cnrrent  of  high  frequency  was  added  to  a 
steady  direct  current,  I  found  that  if  eyen  as  small  an  alternating 
eorrent  as  ti»W  c^mp^^  ^^b  passed  through  an  arc  taking  10 
tmperes  direct  current,  a  distinctly  audible  note  was  produced  by  the 
trc  at  frequencies  ranging  from  a  few  hundreds  up  to  8000  periods  per 
second ;  and  further  experiments  showed  that  if  the  added  alternating 
current  was  only  -^q  to  ^^  ampere,  the  note  did  not  become  inaudible 
imtil  frequencies  as  high  as  30,000  periods  per  second  were 
leaohed.* 

This  great  sensibility  of  the  arc  to  small  and  rapid  changes  in 
tha  current  through  it  at  once  suggeste  that  the  arc  might  be  used  as 
a  telephone  receiyer.  This  was  first  tried  experimentally  by  Herr 
Simon,'!'  who  caused  the  current  from  an  ordinary  microphone  to  flow 
round  one  coil  of  a  mutual  induction,  or  transformer,  the  second  coil 
of  which  was  placed  in  series  with  an  arc.  The  variations  in  current 
lowing  through  the  microphone  due  to  speaking  into  it,  induce  cor- 
responding currents  in  this  latter  ooil  and  through  the  arc,  causing 
the  arc  to  give  out  sounds  similar  to  those  made  near  the  microphone. 
By  this  means  the  arc  may  be  caused  to  sing,  whistle,  or  even  talk 
distinctly. 

There  are  a  large  number  of  other  ways  of  superposing  the  micro- 
I^one  current  or  the  direct  current  through  the  arc,  the  microphone 
may  be  shunted  by  an  inductive  or  non-inductive  resistance  and 
placed  directly  in  series  with  the  arc ;  or  the  microphone  may  be 
eoonected  in  series  with  a  battery  and  highly  inductive  coil,  the 
terminals  of  the  latter  coil  being  connected  direct  to  the  arc  terminals 
through  a  condenser,  or  the  microphone  and  battery  may  be  connected 
to  the  primary  of  a  traneformer  the  secondary  of  which  is  connected 
in  series  with  a  condenser  as  a  shunt  to  the  arc.  I  have  usually 
Jbund  the  last-mentioned  arrangement  give  the  best  results.^ 

Any  good  microphone  will  work,  though  the  resulting  speech  from 
the  arc  varies  greatly  according  to  the  microphone  and  the  battery 
power  used.  A  "  Hunningscone "  or  **  Delville  "  with  two  accu- 
mulators will,  if  carefully  adjusted,  give  loud  and  distinct  speech. 

As  the  sound-waveR  are  produced  by  the  variations  in  the  volume 
of  the  vapour  column,  it  is  natural  that  the  loudness  will  depend  on 
its  size.  In  order  to  obtain  loudness  it  is  therefore  necessary  to  use 
a  long  flaming  arc  and  a  fairly  large  cnrrent ;  such  arcs  can  be  best 
produced  by  using  cored  carbons  or  by  introducing  impurities,  such 


•  Journal  of  the  Institution  of  Electrical  Enpneers,  1901,  vol.  30,  p.  238. 
t  Annalen  der  Phyaik  un.l  der  Chemie,  1898,  vol.  64,  p.  233. 
I  Joornal  of  the  Institntion  of  Electrical  Engineera,  1901,  vol.  90,  p.  239 
Ekktnteehnisolie  Zeitechrift,  1901,  pp.  197  and  510. 
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mm  liie  Mlto  of  tlie  meMi  of  tbe  alkmlme  eartlu,  into  the  uc.  An 
eMf  v*j  lo  do  lliic  is  to  iwe  a  giius  rod  as  &  core  to  one  of  the  elec* 
trodefl^  ibe  woMam  &001  the  glav  fo&kiiig  it 


easy  to  bom  ui  mre  ao 


Kol  only  ii  die  TftpoQf  oolnnm  of  the  arc  no  aenetiTe  to  anj 
cliauges  that  ouj  Imke  piBce  m  the  etirreot  Ub&t  it  can  follow  and  re- 
prodtioe  all  the  unm^foxm  ribrwtiotis  which  constitTite  ftrticulaie 
fpeechf  btst  I  hm^m  &lao  found  thst  the  ititensity  of  the  light  giTen 
out  by  the  «rc  i«  also  i^pable  of  foUoving  very  rapid  Bm&ll  changes 
ifi  the  cuireiit  Thns^  if  the  direct  cmrent  thiongh  the  ajo  be  in- 
creased and  decreased  rapidly  eveti  over  a  fimall  range,  ibe  light 
emitted  will  increaae  and  decrease  iu  a  similar  manner.* 

Tbe  light  given  oat  hf  one  of  the  talkiiig  arcs  varies  in  intensity 
in  a  numiier  corresponding  to  the  Tibrations  which  form  the  words 
the  arc  is  aajing,  mitbongh  the  e  je  does  oot  appreciate  the  fact,  so  tbat 
if  the  Hght  were  allowed  to  &ll  on  any  Rpp&r&tne  or  substance  which 
W&8  seimtive  to  such  rapid  changes  in  tbe  intetmty  of  its  illumination 
and  which  conld  reprodaee  sncb  variation  of  its  illumination  as  cor- 
r«ftputiding  mecbanical  movements,  then  it  wotdd  be  possible  to  recoD' 
vert  the  variation  of  tbe  light  into  eonnd  waves  again.  One  such 
aobstance  is  the  metal  selemnm,  which ^  wheD  snitably  prepared,  has 
tbe  property  that  its  eloctrical  resistiuioe  depends  on  whether  the 
light  falling  on  it  is  strong  or  weak ;  in  a  stroEig  light  its  resistance 
is  mnch  lower  than  in  a  weak  light. 

An  arrangement  of  selenium  and  electrodes  to  ediow  the  effect  of 
light  on  the  resistance  of  seleniiun  is  geaerally  cdled  a  selenium 
cell. 

On  this  basis  Herr  Simon  t  has  fotmded  a  method  of  light  tele- 
phony ;  in  his  method  tbe  light  given  out  by  a  talking  arc  at  tbe 
transmitting  station  is  collected  by  a  lens  or  refiootor  and  focossed 
either  diroctly  or  by  means  of  other  lens  and  reflectors  on  a  eeleoiom 
cell  placed  at  the  distant  receiving  station.  This  selenium  cell  is 
connected  in  sericB  with  a  battery  and  a  telepbone  receiver  in  which 
the  transmitted  speech  is  received.  The  actioo  of  the  arrangement 
is  as  follows ;  talking  to  tbe  microphone  at  tbe  transmitting  station 
causes  the  currents  tbroTigh  it  to  vary,  increasing  and  decreasing  the 
current  in  the  talking  arc  ;  <^cb  increase  of  the  arc  current  is  aooom- 
panied  by  an  iuoraaso  in  the  light  given  out,  whiob,  by  means  of  the 
reflectors  and  lens,  increases  the  illumination  of  the  selenium  cell  at 
the  distant  receiving  statioi].  The  increase  of  Itlupaination  causes  the 
eelFs  resistance  to  fall  and  allows  the  battery  to  send  a  larger  eur rent 
through  it  and  tho  telephone  receiver,  so  that  every  increase  of  current 
through  the  talking  arc  producee  a  corresponding  increase  in  the 
current  through  the  telephone  receiver.  Thus  the  variations  of 
current  due  to  the  microphone  are  transmitted  along  the  beam  of 


I 
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•  jAurad  of  the  Insdtutiou  of  Eleotrioal  Engineers,  IDOl,  voL  90,  p.  236, 

t  Elektrolechniiohe  ZeitMlmfl,  l&Ot,  pp.  107  and  BVd* 
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fi^  M  Taziatioiia  in  its  intensitj,  and  are  faithfally  repiodaoed  in 
the  telephone  receiTer,  oonTeying  sounds  and  speech  just  as  if  con- 
neetbg  wires  had  heen  estahlished  between  the  two  stations. 

Transmission  of  speech  by  this  method  has,  I  belieye,  been 
dieady  accomplished  otct  disUnoes  of  seTeral  kilometers  by  Herr 


A  farther  development  of  the  uses  of  the  talking  arc,  originated  by 
Herr  Bahmer,*  is  the  production  of  a  new  phonograph  founded  on 
limilar  prinoipleB.  A  permanent  record  of  the  variations  of  the  light 
emitted  is  obtained  by  photographing  on  a  long  rapidly  moving  film 
the  light  given  out  by  a  talking  arc  so  as  to  obtain,  after  development, 
i  band  of  deposit,  the  changes  of  density  along  the  length  of  which 
•re  a  record  of  the  variations  in  the  intensity  of  the  light  emitted  by 
Am  talking  ara  If  such  a  film  be  subsequently  caused  to  travel  at 
the  Mme  speed  as  during  tiie  recording,  and  if  a  beam  of  light  be 
pawed  through  it  on  to  a  selenium  ceJU,  the  intensity  of  the  light 
beam  and  the  illumination  of  the  cell  will  vary,  and  speech  will  be 
raproduoed  in  a  telephone  receiver  connected  in  series  with  the  cell 
■s  before.  This  new  phonograph  adds  one  more  to  the  methods, 
■Sffhsnioal,  magnetic,  and  chemical,  by  which  sound  waves  can  be 
pennanently  recorded,  and  it  should  give  us  much  information  as  to 
the  nature  of  sounds  owing  to  the  ease  with  which  the  record  can  be 
visually  examined. 

The  second  part  of  my  subject  treats  of  quite  a  different  property 
of  the  electric  arc,  a  property  by  means  of  which  a  direct  current  can 
be  automatically  converted  into  an  alternating  current  of  almost  any 
fieqnenoy.  This  property  is  the  instability  of  the  arc  under  certain 
eooditions. 

Before  proceeding  further  I  will  recall  the  properties  of  the  dis- 
charge (or  charge)  of  a  condenser,  or  Leyden  jar,  through  an  ind  ac- 
tive circuit.  Lord  Kelvin  proved  that  if  the  resistance  of  the 
inductive  circuit  be  below  a  certain  critical  value  (depending  on  the 
capacity  of  the  jar  and  self-induction  of  the  circuit)  then  the  discharge 
current  would  not  flow  continuously  round  the  circuit  in  one  direc- 
tion till  the  jar  was  discharged,  but  would  first  flow  round  the  circuit 
in  one  direction  and  then  in  the  other,  executing  a  series  of  swings  or 
oscillations  like  a  pendulum,  the  maximum  value  of  the  current 
growing  less  and  less  each  swing,  until  the  oscillations  finally  died 
away  and  the  jar  was  discharged.  If  the  resistance  of  the  circuit  was 
so  small  that  it  could  be  neglected,  Lord  Kelvin  also  showed  that  the 
periodic  time,  or  time  taken  for  the  current  to  rise  from  zero  to  a 
m^Timnm  ux  ouc  direction,  then  die  away,  reach  a  maximum  in  the 
opposite  direction  and  again  come  to  zero,  was  given  by  the 
expression 

Periodic  time  =  2  tt  -v^Hf. 


*  ElektroteohniMhe  Zeitiohrift,  1901,  p.  198. 
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where  >'  u  the  captteity  of  the  eoodeDaer  or  Ltjdui  jar  and  L  is 
the  eelf-indiictioii  of  the  cirenit.  So  that  the  frequency  of  the  onil- 
Utums,  or  the  nnmber  of  oompleta  swingi  which  out  tiJw  place  in  one 
•eeood,  11  the  reciprocal  of  the  abore  or 

P«,uency  =  ^-1,=^. 

Such  a  cirenit  in  which  the  diecharge  of  the  condenser  is  osoillatoiy 
I  will  refer  to,  in  what  follows,  as  an  oscillatoiy  cirenit,  and  the 
abore  periodic  time  as  the  periodic  time  of  the  cirenit. 

If  an  unstable  arc  is  made  to  form  part  of  an  osBJllatoffy  cireoit 
then  any  oscillations  in  this  cirenit,  instead  of  dying  away  as  they 
wonld  do  were  the  arc  not  present,  will  persist  indefinitely  forming 
an  alternating  current,  the  energy  required  being  automatically  con- 
verted by  the  unstable  arc  into  a  suitable  form  to  maintain 
theuL 

The  electrical  instability  that  is  necessary  for  this  purpose,  is 
that  if  the  current  A  through  the  arc  be  increased  by  any  small 
quantity  S  A  then  the  potent  difference  Y  between  its  terminals 

must  decrease  by  an  amount  SY  so  that  the  ratio  -—-will  be  a  neg»- 

o  A 

tiTe  quantity.    Messrs.  Frith  and  Bodgers  *  determined  the  Talne  of 

B  V 
the  ratio  jj-  for  a  large  number  of  arcs  between  carbon  eleotrodes, 

and  they  found  that  whereas  the  ratio  is  always  ponftse  when  both 
cored  carbons  are  used,  it  is  negaiwe  for  wolid  carbons. 

If  a  perfectly  steady  current  direct  arc  between  §olid  carbon  elec- 
trodes be  shunted  with  an  oscillatory  circuit  consisting  of  a  suitable 
condenser  and  self-induction  in  series,  then  alternating  currents  of 
constant  amplitude  will  be  maintained  in  the  circuit  composed  of  the 
condenser,  the  self-induction  and  the  arc,  these  alternating  currents 
will  cause  the  current  through  the  arc  to  vary,  and  the  arc  will  give 
out  a  musical  note.  I  have  therefore  called  it  the  Musical  Arc.  This 
will  not  occur  if  an  arc  between  cared  carbons  be  used,  because  such 
an  arc  has  not  the  requisite  instability,  or,  if  the  resistance  of  the  in- 
ductive coil  and  connections  exceeds  a  certain  critical  value.  In  a 
previous  paper  I  have  shown  f  that  the  necessary  conditions  in  order 
to  convert  direct  into  alternating  current  by  means  of  the  arc 
are: — 

8  Y 

(1)  «-xt  na'wt  be  negative. 

8  Y 

(2)  —  ,  must  be  numerically  greater  than  the  resistance  of  the 
o  A 

*  ProoeedingB  of  the  Physical  Society,  1896,  vol.  14,  p.  307. 

t  ProcGcdiogs  of  tlir  Imtitution  of  electrical  Engineers,  1901,  vol.  30,  p.  262. 
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diont  drcnit  (exclnsiTe  of  the  oondenfler,  which  should  of  oonrse  be 
very  high). 

Besides  resistance,  any  other  dissipation  of  energy  such  as 
hysteresis  or  eddy -currents,  may,  if  sufficient,  cause  the  arc  to  fail  to 
produce  its  note,  and  for  this  reason  the  inductive  coils  used  are  pre- 
ferably without  iron  cores. 

The  pitch  of  the  note  depends  on  the  frequency  of  the  alternating 
currents  in  the  shunt  circuit.  If  the  resistance  of  the  circuit  is  small, 
18  it  should  be  for  the  best  results,  the  frequency  of  these  currents 
may  be  calculated  ^m  Lord  Kelvin's  formula  mentioned  above 

1 
Frequency  =  2V7LW. 

where  L  is  the  self-induction  and  F  the  capacity  in  the  oscillatory 
circuit  shunting  the  arc. 

In  order  to  show  that  this  formula  is  really  obeyed,  a  constant  self- 
induction  was  taken  and  a  series  of  condensers  calculated  to  produce 
the  eight  notes  of  an  octavo  which  were  connected  to  a  keyboard ; 
to  produce  a  second  octave  ^  of  the  self-induction  was  used  in  con- 
jimction  with  the  same  condensers,  with  this  arrangement  popular  airs 
were  played  on  the  arc. 

In  view  of  the  great  sensitiveness  of  the  ear  to  small  differences 
from  true  musical  intervals,  the  fiMt  that  the  notes  produced  by  this 
set  of  calculated  condensers  was  even  approximately  in  tune,  indicates 
that  Lord  Kelvin's  law  was  closely  obeyed. 

CSiordB  could  not  be  played  on  the  above-mentioned  key-board, 
as  owing  to  the  same  inductive  coil  being  used  for  each  note,  the 
depressing  of  two  or  more  keys  simply  put  the  condensers  in  parallel 
and  produced  a  lower  note.  Sevend  experiments  were  made  to  see 
if  it  were  possible  to  make  one  and  the  same  arc  give  out  two  notes 
at  the  same  time  by  shunting  it  with  two  distinct  oscillatory  circuits. 
When  the  periodic  times  of  the  two  oscillatory  circuits  had  a  simple 
ratio  such  as  the  octave,  the  arc  would  emit  both  notes  together  and 
form  a  chord,  but  the  condition  seemed  to  be  unstable,  the  chord 
often  changing  to  a  sound  which  was  neither  one  note  nor  the  other. 

To  obtain  loud  results,  several  arcs  in  series  should  be  used  all 
shunted  by  the  one  oscillatory  circuit.  A  very  convenient  arrange- 
ment for  working  on  200-volt  mains  is  to  use  four  arcs  in  two  parallel 
circuits,  each  circuit  consisting  of  two  arcs  and  a  steadying  resistance 
in  series ;  by  this  means  the  four  arcs,  though  supplied  with  power 
in  two  paraUel  circuits  from  the  mains,  will  be  metallically  connected 
in  series,  and  may  be  thus  all  four  shunted  by  one  oscillatory  circuit. 

A  method  of  still  further  increasing  the  sound,  first  shown  me  by 
Professor  Slaby,  is  to  shunt  the  main  condenser  by  a  condenser  con- 
sisting of  alternate  loose  sheets  of  paper  and  tin-foil.  In  this  case  a 
loud  note  due  to  the  alternating  current  is  produced  by  the  loose 
paper  condenser  as  well  as  the  note  by  the  arcs. 
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II  must  not  \m  forgotten  that  tbe  kkm  are  ordinary  direct  cnrteni 
ai«8  between  mUd  carbon  electrodes  wbiob  are  taking  energy  from 
tbe  direct  coirent  anpplj  and  conTerlmg  it  antomatically  iWtbont 
maj  moTing  machicerj  Into  energy  in  Uie  form  of  alternating  cnrreiitf 
in  tbe  ofjcillatory  circuit  sbnnting  tbe  arcs.  The  frequency  of  tbia 
alternating  cnrrent  can  be  eadly  varied  oirer  a  vex?  wide  range.  I 
liaTo  aliBady  mentioned  tbe  range  of  two  octftTfis  which  gave  alternat- 
ing cnrrents  haiing  frequencies  irom  545  to  abont  2200  periods  per 
second,  and  higber  freqnencies  up  to  a  limit  of  about  10,000  penoda 
per  second  vere  easily  obtained.  Sa  lower  limit  ha£  yet  been  fonnd, 
frequencies  down  to  170  having  been  need,  or  a  range  of  jost  under 
ail  octaves.  In  order  to  prod  nee  the  lowest  frequency,,  a  self* 
indnction  of  about  0*15  henry  and  a  capacity  of  six  microfarads  waa 
used ;  under  tbeee  circn instances  it  was  found  that  although  the  area 
were  only  supplied  from  200-volt  direct-onrrent  mains,  the  alter* 
nating  voltage  between  the  terminals  of  the  condeuBer  gome  times 
reached  nearly  2000  volts. 

When  the  musical  arc  waa  first  set  up  at  tbe  Central  Tenhoieal 
College^  where  all  the  experiments  were  originally  devised,  an 
interesting  observation  in  connection  with  tbe  sensibility  of  the  arc 
as  a  telephone  receiver  was  made.  It  was  noticed  that  an  arc  in 
Sir  W.  de  W,  Abney'e  laboratory  played  tonesj  and  this  was  found 
to  be  due  to  tho  fact  that  mj  musical  arc  and  the  arc  in  Sir  W*  do 
W.  Abney'e  laboratory  were  supplied  from  the  same  street  mains, 
Although  hia  arc  was  not  specially  adjnated  to  a  sensitive  conditioUf 
and  in  spite  of  the  two  arcs  beiog  in  separate  bnildiDga,  400  yards 
apart  in  a  straight  line,  and  at  a  considerably  greater  distance  if 
mesaured  along  the  maiDS,  yet  the  sensibility  of  the  arc  was  such 
that  whenever  tunes  were  played  on  tbe  musical  arc,  they  could  be 
distinctly  heard  in  Sir  W.  de  W.  Ahney's  laboratory, 

Tbe  conversion  of  direot  current  into  alternating  current  by 
means  of  tbe  musical  arc,  besides  being  of  ectentific  interest,  forma  a 
very  convenient  means  of  obtaining  alteroatiug  cnrrente,  with  which 
a  largo  number  of  well-known  experiments  may  be  eaaily  performed** 
It  has,  however,  two  further  advantages,  namely,  that  the  frequency 
can  be  easily  adjusted  to  any  required  value,  and  that  tbe  frequency 
is  at  once  self-ovidont  from  tbe  note  the  arc  is  giving  out. 

The  comparison  of  the  capacity  condeDSers  and  the  self-induction 
of  coils  can  be  eaaily  made  by  comparing  the  pitch  of  the  notes  pro- 
duced  when  they  are  need  in  the  circuit  shunting  the  are.  The 
effect  of  closed  secondaries  and  cores  on  the  apparent  aelf-^indnction 
of  coils  is  also  very  striking.  The  Elihu  Thomson  experiment  of  the 
repulsion  of  a  ring  by  a  coil  carrying  an  alternating  current  obtained 
from  tbe  musical  arc  can  be  easily  performed. 

If  the  primary  of  an  induction  coil  (tbe  contact  maker  being  pal 


I90ij 


Mutieal  and  Talking  Electric  Are*. 


71 


mioi  ictioii)  be  Qfled  as  the  self-indaotion  in  tha  sliniit  circait,  then 
1  ygli  freqtieQCy  flame  discharge  can  be  obtained  from  the  secondaiy. 
Udog  A  spark  gap  and  TcBla  coil  in  the  ordinarj  waj  and  supplying 
it  {mm  the  secondary  of  the  above  induction  coil  oJl  the  oniinary 
Te«k  phenomena  ean  be  produced.  Tbii  experiment  ib  of  scientific 
mtereet,  in  that,  withoot  the  uae  of  a  hlgb  frequency  alternator  or  of 
my  mecbanically  moving  parta,  low  voltage  direct  cnrrent  is  converted 
in  two  Btepe  into  high  voltage  and  very  high  freqnency  Tesla 
cnrrentB.  Each  step  oonsiBts  of  the  uae  of  an  electrically  unstable 
»}iidtictor,  tbe  arc  in  one  case  the  spark  in  the  eeoond,  in  conjunction 
irith  a  circnit  in  which  oscillations  can  take  place.  The  first  step 
tsonterts  tbe  barmleas  direct  cnrrent  into  dangerons  high  potential 
oamnt ;  the  second  step  of  the  transformation,  by  gtill  farther  raising 
Afi  foliage  and  the  freqnency,  again  renders  it  harmless  to  hnnaeui 
kin^ 

Hagnetio  space  telegraphy  cm  be  very  well  demonstrated  by 
ttaing  the  self-induction  coil  in  the  oscillatory  circuit  as  the 
tnnsmitter.  The  effect  of  tuning  the  receiving  circuit  to  the  same 
fiole  as  the  transmitter  can  be  well  illiistrated.  For  instance,  if  a 
■nail  incandescent  lamp  be  used  as  the  indicator  in  the  receiving 
circnit,  it  is  easy  to  so  tune  it  to  correspond  with  one  note  in  the 
octave  that  the  lamp  will  light  up  brightly  when  this  note  is  sounded, 
will  only  joflt  glow  red  if  the  next  note  higher  or  lower  is  depressed, 
and  will  not  light  at  all  for  any  other  note ;  so  that  if  a  scale  or  tune 
be  played  on  the  musical  arc^  the  lamp  in  the  receiving  circuit  will 
light  np  brightly  every  time  the  note  occurs  to  which  the  receiving 
circuit  is  tnned.  It  would  be  quite  easy  to  tune  a  separate  receiving 
circnit  to  each  of  the  notes  of  the  octave  and  so  form  a  system  of 
Byntonised  wireless  telegraphy  on  a  etnall  acale. 

There  is  no  doubt  that  the  commercial  saccess  of  wirelees  tele- 
graphy will  largely  depend  on  the  perfection  of  the  syntony  which 
etn  be  mamtained  between  the  transmitting  and  receiving  stations,  as 
ikm  more  perfect  the  synt^my  the  larger  the  number  of  messages 
vhieb  win  be  able  to  be  transmitted  eimaltaneously,  and  the  longer 
the  distance  over  which  they  will  be  able  to  bo  transmitted.  So  long 
sj»  thfcj  transmitter  only  sends  ont  trains  of  waves  of  decreasing 
amplilnde  at  regular  intervals,  as  at  present,  no  very  perfect  syntony 
ean  be  hoped  for.  As  soon,  however^  as  the  transmitter  can  be 
mppliad  oontinuonsly  with  high  voltage,  high  frequency  currents  of 
eonataut  amplitude  and  thereby  caused  to  send  waves  of  a  deflaite 
cooctant  freqaency  and  amplitude,  so  soon  will  very  accurate  syntony 
teome  possible  and  a  great  advance  in  wireless  telegraphy  and 
tnuismission  of  energy  be  made,  liny  not  the  principle  of  the  musical 
arc  render  this  poaaible  in  the  future*? 
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WEEKLY   EVENING   MEETING. 
Friday,  February  28,  1902. 

George  Matthby,  Esq.,  F.R.S.,  Vice-President, 
in  the  Chair. 

Professor  Hkxrt  A.  Miebs,  M.A.  D.Sc.  F.R.S. 
Quid  Mining  in  Klondike. 

My  visit  to  Klondike  took  place  at  the  end  of  August  1901,  at  a  Tery 
interesting  time,  and  under  most  favourable  conditions.  The  jonmey 
was  made  at  the  invitation  of  the  Hon.  Clifford  Sifton,  Canadian 
Minister  of  the  Interior,  and  in  company  with  Professor  Coleman  of 
Toronto.  Mr.  Siftun  provided  us  with  a  most  efficient  military  escort 
in  the  person  of  Captain  Strickland  of  the  North- West  Mounted 
Police,  who  possesses  an  intimate  knowledge  of  the  far  North- 
Westom  Territory  and  its  inhabitants.  Consequently,  we  were  able 
in  a  short  visit  to  see  a  great  deal  and  to  become  acquainted  with 
the  leading  features  of  the  mining  industry. 

The  time  was  particularly  interesting,  because  in  1901  the  con- 
ditions of  life  were  still  to  a  large  extent  those  of  a  young  mining 
camp,  but  were  undergoing  rapid  transformation  into  the  social  and 
political  conditions  of  an  organised  and  civilised  community. 

Access  to  Klondike  is  now  practically  confined  to  a  single  route 
available  for  the  ordinary  traveller.  It  is  true  that  a  considerable 
amount  of  merchandise  is  taken  in  by  the  sea  and  river  route  which 
consists  of  a  voyage  (from  Seattle)  of  2700  miles  by  sea  to  St.  Michaels 
at  the  mouth  of  the  Yukon,  followed  by  a  voyage  of  1370  miles  up 
that  mighty  river  to  Dawson  City — a  total  of  about  4000  miles.  But 
the  ordinary  passenger  route  is  the  following: — a  sea  voyage  of 
900  miles,  up  the  quiet  waters  that  lie  between  the  islands  and  the 
mainland,  from  Vancouyer  to  the  little  American  port  of  Skagway ; 
a  journey  of  112  miles  across  the  coast  range,  by  the  newly  con- 
structed White  Pass  and  Yukon  Railway,  to  the  little  town  of  White 
Horse  on  the  Yukon ;  and  a  voyage  of  450  miles  down  the  Yukon 
from  White  Horse  to  Dawson  City  in  a  stern-wheel  steamer: — a 
journey  of  only  1460  miles  in  all.  By  this  route  the  sea  yoyage 
occupies  from  three  to  five  days,  the  railway  journey  about  twelve 
hours,  and  the  river  voyage  from  two  to  three  days. 

The  railway  climbs  the  icy  precipices  of  the  coast  range,  and 
crosses  into  Canadian  territory  at  the  summit  of  the  famous  White 
Pass  which  earned  so  uuenviable  a  repntution  as  the  sceue  of  disasten 
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lad  deftHis  during  the  great  rush  into  the  oonntry  in  the  winter  of 
1897 ;  and  the  trayeller  is  hronght  down  to  the  hanks  of  the  Tnkon 
jvtt  low  enough  to  escape  the  terrihle  White  Horse  Bapids,  where 
ilso  80  many  lives  were  lost  in  those  early  days.  The  voyage  hence 
to  Dawson  is  a  qnick  one,  with  a  stream  whose  average  carrent  is 
5  miles  an  hoar. 

Dawson  City,  which  in  1898  was  only  a  collection  of  hnts  on  a 
froien  mnd  swamp  situated  at  the  point  where  the  Klondike  Biver 
enters  the  Tnkon,  is  now  a  town  of  ahont  10,000  inhabitants,  con- 
listmg,  it  is  true,  of  wooden  buildings  and  chiefly  of  log  cabins,  hut 
possessing  hotels,  dubs,  theatres,  saw-mills,  large  stores,  electric 
light,  telephones,  power  works  and  all  the  resources  of  modem  civili- 
aition.  New  government  buildings  were  rising  at  the  time  of  my 
visit,  and  the  town  wore  an  aspect  of  considerable  and  prosperous 
•etifity. 

It  is  interesting  to  watch  the  life  of  this  remarkable  city,  situated 
15(H)  miles  from  Vancouver  and  close  upon  the  Arctic  circle :  upon 
Hie  plank  sidewalks  are  slouch-hatted,  long-booted  miners  who  throng 
dmoe-halls  and  saloons  and  pay  from  pouches  of  gold-dust ;  busy 
merchants,  traders,  and  storekeepers  of  all  nationalities  ;  well-dressed 
kdies  and  children  ;  military  men,  surveyors,  engineers  and  lawyers ; 
while  in  the  dusty  roadway  are  to  be  seen  men  riding  long-tailed  horses 
with  Mexican  saddles,  driving  pack-mules  laden  with  boxes,  or  urging 
jelping  teams  of  dogs  with  tiie  cry  "  mush,  mush.*' 

Popular  accounts  of  this  country  generally  represent  it  in  its 
winter  dress  of  snow,  and  relate  tales  of  the  rigorous  severities  of 
the  Arctic  frost.  At  the  time  when  I  was  there  Dawson  was  en- 
joying the  mild  and  equable  climate  which  prevails  in  the  summer 
months,  when  the  temperature  may  even  rise  to  90*^  F. ;  no  snow 
WIS  visible  save  that  which  clothed  the  serrated  peaks  of  the  northern 
Bockics,  and  their  majestic  chain  was  only  to  be  seen  from  the  sum 
mit  of  Moosehide  Mountain  above  Dawson,  and  at  a  distance  of  about 
40  miles  to  the  north.  The  inhabitants  had  begun  to  grow  potatoes, 
etbbages,  lettuce  and  other  vegetables,  and  a  considerable  market 
garden  was  being  laid  out  on  the  left  bank  of  the  Yukon.  And  yet 
there  is  one  remarkable  feature  of  the  country  which  prevents  the 
traveller  from  ever  forgetting  that  he  is  close  upon  the  Arctic  circle : 
if  a  hole  be  dug  only  3  feet  deep  at  any  spot  in  the  boggy  ground, 
it  will  be  found  permanently  frozen  at  that  shaUow  depth  ;  even  in 
Dawson  itself  the  log  cabins  rest  upon  a  foundation  of  ice  which 
never  thaws. 

There  is  also  a  striking  feature  of  life  in  Dawson  which  ever 
reminds  the  visitor  that  he  is  in  a  mining  camp.  He  will  have  to 
pay  Is.  or  2s.  for  a  bootblack  or  a  barber,  28.  for  a  glass  of  cow's 
milk,  6«.  for  three  boiled  eggs  or  a  mutton  chop,  SOs,  for  a  bottle  of 
elaret,  perhaps  202.  a  day  for  the  hire  of  a  rig  and  team  of  horses. 
The  rent  of  a  log  cabin  is  about  120Z.,  and  a  sense  of  economic 
iueenritj  is  inspired  by  the  fact  that  the  rent  of  a  house  is  about 
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lulf  its  Tftloa,  mud  Umt  60  per  eemt  is  «ii  ordinary  Tttle  of  interest 
for  loaoH.  Labourers*  wages  Are  21.  a  ^y,  AUboQgli  almoat  any- 
tbiog  reqmred  may  bo  parchased  in  Dawson,  all  gooda  hare  been 
imported  at  great  expense  into  a  country  which  of  itself  has  pro- 
dQced  nothing  but  gold  and  wood«  The  freight-mtea  on  the  Whit« 
route  are  about  6  cents  a  potmd,  and  23f.  a  ton  may  he  paid 
^from  Vanconver  to  Dawson. 

The  mining  camp  is  situatod  to  the  soath-east  of  Dawson  at  a 
distance  of  abont  13  miles.  The  produi^tif^a  ar^  is  about  30  nules 
square,  and  is  bounded  on  the  north  by  the  Elondike  Biyer,  on  the 
west  by  the  Yukon  River,  and  on  the  south  by  the  Indian  EiTer. 
The  district  is  a  gently  nndulating  upland  or  platean^  attainiug  on 
average  height  of  nearly  300O  feet  aboTo  the  Yukon,  and  intersected 
by  deep  flat-bottomed  Talleys  which  radiate  ^m  its  central 
highest  pointy  a  rounded  hill  named  the  Dome.  The  vaUeya 
aeparated  by  bog-backed  ridges ;  the  whole  district  is  fairly  diickly 
wooded  with  eprnce  and  poplar  except  on  the  Riimmits  of  the  ridges ; 
the  bottoms  of  the  valleys  are  occupied  by  flat  marshy  boga^  and  the 
streams  are  rarely  more  than  10  feet  broad.  The  bog,  which  is  &om 
5  to  10  feet  thick,  is  ^o^eu  at  a  short  depth  below  the  surface  and 
keeps  the  underlying  grav^t,  wbich  may  be  from  10  to  30  feet  thick, 
permanently  frozen  right  down  to  the  bed-rock. 

The  principal  streams  are  known  as  creeks ;  the  short  steep  tribti* 
taries  which  flow  into  them  as  ^'gulches*' ;  and  the  streamlets  which 
feed  these  as  '^pups/^  The  most  important  creeks  are  from  7  ta 
10  miles  in  length,  and  are  productive  over  perhaps  half  their  coursSi 
so  that  there  may  be  abont  50  miles  of  richly  productive  gravel  in 
the  district.  I  was  informed  that  odc  stretch  of  3|  miles  on  El 
Dorado  Creek  prod  need  no  less  than  6,000, 000^  of  gold. 

Becenily  conBtructed  government  roads  lead  from  Dawson  to  ihi 
camp  and  connect  the  various  creeks  ;  they  were  being  completed 
the  time  of  our  visits  and  were  still  very  rough  or  almost  impassably 
at  some  points  among  the  creeks ;  numerous  rudely  built  but  fairly 
comfortable  **  road-houses  "  afford  lodging  to  the  traveller,     A  sm 
town  of  log  cabins^  known  as  Grand  Forks,  has  sprung  up  at  th^ 
junction  of  the  two  most  famous  creeks,  Bonanza  and   El  Dorado, 
and   is  inhabited    by   perhaps    1200   miners  and  others,     There  is 
another  small  town  named  Cariboo  on  Dominion  Creek. 

The  creeks  no  longer  present  the  dreary  appearance  of  bog  an 
forest,  which  made  them  look  so  unpromising  to  ^e  early  prospectors 
the  hill-sides  have  been  largely  stripped  of  their  timber,  and  the 
valley  bottoms  are  in  many  parts  the  scene  of  active  mining  opera- 
tions and  rendered  unsightly  by  machinery;  the  miaiog  is  also 
carried  on  upon  the  hill -sides  at  a  height  of  SCO  or  400  feet,  wher« 
numerous  adits  penetrate  the  white  gravel,  and  are  marked  by  long 
heaps  of  tailings  which  descend  from  tbem  towards  the  creeks 

What  little  is  known  of  the  geology  of  the  Klondike  district  can 
be  stated  id  a  few  words.    The  auriferous  ar^a  is  occupied  by  Pal^o- 
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loie  RJiiBU^  wliicli  mmj  be  ronglily  distinguiahed  aa  gre^  or  green 
diloctte-tehist  and  mica-schist,  And  a  light^oloured  or  white  sericita- 
K^.  Tbeee  are  bounded  od  the  nortb— upon  the  right  bank  of  the 
ElcraAike  River — -by  a  inass  of  diabaee  aod  serpODtine,  which  con- 
ititttks  the  Moosehide  roonntain  ;  and  on  the  south— on  the  leffe  bank 
stf  the  Indian  RtTer^by  a  eenes  of  qaartzitic  slates,  schists,  and 
cixttailine  limestones. 

The  aoriferoiiB  creeks  are  entirely  situated  in  the  micaceotiB 
■eiirts,  wbich  eonetitute  the  bed-rock  everywhere.  Mr.  MeComiel, 
th«  gaTemtt^ent  geologist,  regards  these  schists  as  having  origitsated 
frotn  unartz- porphyry  and  other  eruptive  rocka^  but  they  have  been 
much  emBbed  and  altered  and  entirely  re-crystallised  from  their 
ongtnal  condition.  They  are  intersected  by  numerous  bands  aQd 
of  more  recent  ernptive  rocks— quartz-porphyry ,  rhyolite, 
lite,  dioritCT  basalt,  etc—and  also  by  numerous  quartz 
In  tlie  northern  and  north- wea tern  portions  of  the  area  occu- 
|iied  by  ihe»e  Klondike  schists,  are  both  broad  and  uarrow  bands  of 
ifalick  grmphitic  schist,  which  can  eometimeB  be  traced  across  tha 
nlleya, 

ITie  vaine  and  etringera  of  qaartz  which  are  m  frequent  through- 
out  the  district  ha^e  for  the  most  part  a  very  barren  appearance,  but 
they  are  eometimea  mineralised  to  a  small  extent  and  contain  a  little 
iwn  pyrites,  argentiferons  galena,  and — very  rarely — gold. 

Up  to  the  present,  however,  the  gold  has  been  exclusively  won 
bum  the  gravels  in  the  valleys,  and  not  from  the  qaartz  veins. 

The  gravels  are  mainly  of  two  sorts: — (I)  those  which  ooustitnte 
the  Boors  of  the  present  valleys  and  have  been  laid  down  by  the 
piewnt  streams ;  (*2)  those  which  cover  terraces  upon  the  sides  of 
th«  valleya  and  represent  old  valley  gravels  which  have  been  cut 
llrengh  by  the  present  streams. 

The  gold  mining  was  at  first  carried  on  entirely  in  the  lower 
psvatfl^  and  it  was  in  them  that  the  precious  metal  was  first  dis- 
fovared.  These  are  sandy  gravels  consisting  of  pebblea  of  quartz 
od  icbitt— in  fact,  they  are  made  up  of  the  same  materials  as  the 
Ud-f06kt  and  eon  tale  nothing  tha^  might  not  have  been  derived  from 
lit  bfaaking  up  of  the  rooks  of  the  district  There  is  no  reaBon  to 
Uiite  that  they  ware  derived  from  any  other  source,  and  sotmo  of 
Ibo  pebbles  are  so  lightly  rounded  that  they  have  clearly  not  ti-avelled 
fa.  Among  the  minerals  which  I  have  seen  from  these  gravels  are 
kHBatite,  mtilc,  pyrites,  graphite,  cyanite,  garnet,  cassiterite,  epidota 
lad  tomrmaline ;  also  barytee  and  mispickel. 

The  gold  is  very  unevenly  distributed  in  the  gravel.  The  richest 
futehes  of  pay 'gravel  seem  to  occur  about  half- way  down  the  valley, 
la  the  wider  portions  of  the  valleys  the  pay-streak  may  he  some- 
liiBia  on  one  side  and  sometimes  on  the  other,  fallowing  no  doubt 
tb«  tener  oourse  of  the  stream. 

The  valley  gravel  is  generally  from  10  to  30  feet  thick,  and  is 
ur«tlaid  by  from  (i  to  15  feet  of  frozen  bog,  locally  known  as  **  muck." 


76 


Profesior  Hemy  A.  .Ifltfi 


[Feb.  2K. 


The  hill-flide  grarel  is  a  rerf  remarkable  dapoeit;  it  ootkBists 

almqat  entirely  of  boiilJers  atnl  pebbled  of  q^uartz  and  of  sericifce- 
schUt,  and,  wheti  It  is  aiposed  to  y'ww^  preaeats  the  appearauce  of  & 
uniform  vrliito  ledgo  running  horizGtitally  iilon^  tbo  hill-atde  at  a 
height  of  aboul  7QQ  feet  above  the  level  of  the  Klondike  River.  It 
sometimes  attains  a  depth  of  120  foet»  and  may  be  as  much  as  half  a 
mile  wide.  The  pebbleB  are  to  a  large  extent  sub-angalav  and  lesi 
worn  than  those  of  the  ralley  graTok, 

The  early  miners  of  course  eoafined  their  attention  to  the  valley a^ 
and  the  disoovery  of  theae  rich  deposits  upon  the  bill-sides  eicited 
great  surprise;  they  now  ri?al  the  valley  gra?el  ia  importauoe. 
The  deposit  is  locally  known  as  "  white-wash  '*  or  the  "  White 
Channel" 

The  origin  of  the  White  Channel  ia  Bhrouded  in  mystery ;  it  was 
at  first  supposed  to  be  a  glaeial  de]io8it ;  but  there  are  no  strlationa 
or  other  sigus  of  glaeial  action,  and  it  is  now  the  opinion  of  the 
local  geologists  that  it  was  laid  do^vn  by  the  suddetj  inraah  of 
tuiniiltaous  streams  acting  over  a  small  area.  The  materials  have 
clearly  not  been  traosportoii  far,  and  the  gold  is  even  more  nuggety 
and  less  \7orn  than  that  of  the  valley 9, 

One  is  naturally  led  to  inquire  whether  all  the  gold  of  the  lower 
graruk  was  not  brought  down  by  streams  cutting  through  the  White 
Channel  whieh  occupied  the  bed  of  the  valleys  when  they  were 
broad  and  sballuw^  bd  that  the  Wbite  Channel  may  be  the  real  source 
of  the  gold*  This  view  is  supported  by  the  fact  just  mentioned^  that 
tbe  gold  of  the  valleya  is  more  worn  than  that  of  the  hill-side,  also 
by  the  faot  that  the  vaUejs  are  richer  in  their  central  portioos, 
which  must  have  beon  covered  by  the  White  Channel,  than  in  the 
upper  parts  whicb  are  above  the  level  of  that  deposit. 

Still  tbero  is  no  reaaon  to  doubt  that  the  White  Channel  itself  is 
of  local  origin  :  its  materials  are  those  of  the  district ^  and  have  not 
travelled  far.  (There  are  a  few  gravels  in  this  area  which  consist  of 
pebbles  foreign  to  the  district,  and  they  are  not  auriferous.)  The 
White  Channel  itself  follows  the  present  valley  courses.  On  the 
whole,  therefore,  although  the  origin  of  this  peculiar  deposit  is 
obscure,  there  can  he  no  doubt,  in  my  opinion,  that  tbe  conclusion 
forced  upon  us  by  a  glance  at  the  map  is  correct,  and  that  tbe  gold 
has  been  deiived  from  the  limited  area  intersected  by  the  anriferouB 
creeks  which  radiate  from  the  Dome, 

Some  of  the  gold  adheres  to  quai'tz,  which  exactly  resembles  that 
of  the  veins  in  the  adjoining  sehiats ;  und  it  is  fairly  certain  that 
the  metal  came  from  quarts  veins  m  tbe  Klondike  scLists. 

On  the  other  hand  it  is  certainly  most  remarkable  that  so  little 
anriferous  quartz  has  been  found  ;  at  the  time  of  my  visit  hundreds 
of  quartz  claims  had  been  staked,  but  very  few  had  been  shown  to 
contain  any  gold  whatever  j  neither  do  the  qnariz  boulders  of  the 
White  Cbaunel  appear  to  be  anriferonSf  or  even  mineralised.  And 
yet  it  can  hardly  be  doubted  that  where  the  valley  gra?els  are  rich  in 
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gold  aboTe  their  interaectiun  with  the  White  Channel  the  metal  must 
kfe  been  deriTed  from  quartz  veiiiB  in  the  schists. 

In  one  instance  I  found  direct  evidence  bearing  on  this  question. 
InYicioria  Gulch,  a  streamlet  which  descends  into  El  Dorado  Creek 
on  its  left  bank  high  up  the  valley,  have  been  found  small  flat 
eryftals  of  gold  of  peculiar  shape  known  as  ''spinel  twins."  In 
Twtang  a  quartz  -vein  at  the  head  of  Victoria  Gulch  (near  the  sum- 
mit of  the  divide  between  El  Dorado  and  Bonanza  creeks),  which 
kid  been  lately  opened  and  foimd  to  contain  visible  gold,  I  noticed 
pvciaely  similar  crystals.  Here,  at  any  rate,  there  can  be  little 
doabt  ihat  the  gold  in  the  creek  has  been  derived  from  quartz  veins 
in  the  schist. 

No  cmshing  has  yet  been  carried  on  in  Klondike ;  the  gold  has 
been  entirely  won  by  washing  the  gravels. 

The  chief  dificulties  of  Klondike  mining  are  duo  to  the  per- 
Binently  frozen  ground,  which  has  led  to  certain  peculiarities  in  the 
netbods  adopted.  Every  yard  of  gravel  which  is  sluiced  must  first 
be  tfiawed,  either  by  artificial  means  or  by  exposing  it  to  the  rays  of 
the  summer  sim  after  stripping  off  the  overlying  muck :  for  it  is  im- 
possible to  work  the  frozen  ground  with  pick  or  spade,  or  even  with 
djoamite. 

Until  recently  shafts  were  sunk  or  tunnels  were  driven  by 
hborionsly  thawing  the  ground  with  hot  stones  or  wood  fires ;  and 
I  saw  both  methods  in  operation  during  my  visit.  The  latter  pro- 
eezi — fire-setting,  as  it  is  called — is,  in  fact,  quite  frequent.  A  layer 
of  dry  wood  is  piled  up  against  the  face  of  the  gravel,  blanketed 
behind  by  a  layer  of  green  wood,  ignited,  and  allowed  to  burn  itself 
oat ;  twelve  hours  of  bunung  would  thaw  out  little  more  than  one 
foot  in  depth ;  and  the  process  is  then  repeated. 

Upon  the  larger  properties  this  method  has  been  entirely  re- 
placed by  ^  steam-thawing."  In  this  four  to  six-foot  lengths  of  iron 
piping,  tipped  with  steel  nozzles,  are  inserted  into  the  gravel,  and 
iteam  is  forced  through  them  at  a  pressure  of  about  1 20  lb.  These 
pipes  are  known  as  *'  points  " ;  one  point  is  inserted  to  about  each 
iquare  yard,  and  is  driven  in  gradually  by  taps  from  a  hammer ; 
each  point  will  thaw  from  two  to  five  cubic  yards  of  gravel.  As 
contrasted  with  fire-setting,  the  steam-thawing  obviates  the  suffocating 
fumes  of  burning  wood,  or  the  danger  of  thawing  the  frozen  roof  in 
nndcrgroond  workings. 

A  recent  innovation  which  I  saw  coming  into  operation  was 
thawing  with  water  by  means  of  the  pulsometer  pump,  which  seems 
to  be  economical  since  the  water  can  be  used  over  and  over  again  ; 
this  process  seems  likely  to  come  into  more  general  use. 

The  gravel  is  raised  from  the  shaft  in  buckets  by  windlass  or 
tteam-hoist,  and  in  winter  is  dumped  on  to  heaps  for  summer  work, 
or  in  summer  mav  be  emptied  straight  into  the  sluice-boxes. 

Much  ingenmty  has  been  exercised  in  the  construction  of  self- 
dumping  hoizts,  in  which,  by  a  single  rope,  the  bucket  is  raised  from 
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ihe  bottom  of  tbo  ahalt,  caught  by  a  traTelling  clntchf  carried  aloog 
a  horizontal  rope  to  tho  dump-heap  or  the  sliuce-boieB,  where  it  is 
atitomatically  tilted.  All  this  is  done  by  an  engine  in  charge  of  one 
man,  and  eaves  much  labour. 

As  regards  the  waehing  of  the  gravel,  the  old-fashioned  hand- 
rookers  are  stiU  to  be  seen  in  operation  upon  many  of  the  gnlchea, 
but  have  been  for  the  moat  part  replaced  by  sluice-boree.  These  are 
long  wooden  trottghs  made  ia  12-foot  lengths  aad  about  10  inches 
broad ;  the  bottom  ig  lined  with  wooden  riffles,  consisting  generally 
of  longitudinftl  bars  (Pole  riflJes),  bnt  eometimes  of  trauaverse  bars 
(Hungarian  riffles),  by  which  the  gold  and  heavy  minerals  are  caught 
Sometime*  Auger  rifflee — planks  with  circular  holes— are  ejuployed  ; 
mercury  is  seldom  used.  A  sluioe-hoad  of  76  miners'  inches,  i.e. 
112  cubic  feet  of  water  per  minute,  is  usual,  and  a  fall  of  about 
8  inches  in  the  12«foot  boi  length. 

Water,  which  is  very  scarce  in  the  district,  and  muat  be  used 
economically,  is  cond acted  to  the  Bliuoe-boxes  by  long  wooden  tinmes. 
which  are  themselves  a  serious  expense  on  account  of  the  cost  of 
wood  (about  $110  a  thouBand  feet).  Some  of  these  flumes  are  half- 
a-mUe  in  length ;  in  a  wide  valley,  where  the  pay-streak  is  on  the 
opposite  side  from  the  stream,  it  is  necessary  to  raise  it  by  centri- 
fugal pumps  to  a  height  of  30  or  40  feet,  and  to  convey  it  across  the 
valley  by  a  long  flume. 

In  the  final  '*  wash-up,"  by  which  the  gold-duet  is  extracted  from 
the  sluioe-boxes,  the  riffles  are  taken  out^  and  a  copious  stream  of 
water  is  sent  down^  which  carries  away  the  fine  gravel  and  leaves  the 
gold,  and  a  heavy  black  sand  which  accompanies  it.  This  black 
sand  consists  mainly  of  magnetic  ore,  and  it  is  removed  partly  by  a 
magnet  and  partly  by  shaking  with  the  hand  and  bio  wing  with  the 
mouth  in  a  small  metal  tray. 

The  miniiLg  operations  on  the  creeks  and  upon  the  hill-sides  are 
somewhat  different.  On  the  creek  a  shaft  is  sunk  down  to  bed-rock, 
four  lateral  tunnels  are  driven  from  the  shaft  along  the  surface  of 
the  bed-rock,  and  opened  out  in  a  fan-like  manner  to  the  limits  of 
the  claim.  The  outermost  portions  are  worked  out  first,  and  as  the 
excavation  is  carried  back  to  the  shaft,  the  roof  and  overlying  muck 
are  allowed  to  cave  in  and  settle  down  on  to  the  bed-rock.  Timbering 
in  thus  entirely  avoided.  This  absence  of  timbering  in  the  Klondike 
shafts  and  tunnels  is  one  of  the  most  striking  features  in  the  mining ; 
the  frozen  ground  req^nires  no  support^ — it  never  thaws^and  chambers 
aa  much  as  100  feet  square  ate  covered  by  an  icy  roof  which  never 
breaks  down. 

The  operations  in  the  creeks  are  carried  on  upon  a  very  oonsider- 
able  scale^  and  there  is  a  large  amount  of  machinery  in  the  coon  try ; 
upon  some  groups  of  claims  the  work  is  not  carried  on  by  sinking 
and  drifting,  but  is  more  of  the  nature  of  open  quarrying.  Night 
work  is  prosecuted  by  electric  light  or  the  acetylene  lamp. 

Formerly  the  raising  of  the  gravel  and  its  storage  in  dumps  were 
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tuialj  carried  on  in  the  winter,  mid  the  slmcmg  io  the  summer,  aod 
eDominifi  winter  dmnpa  were  Aecamulated  for  enmrner  work.  Tlis 
lilt  jmr  Hie  greater  port  of  both  has  been  earriod  on  Bimaltanoonelj 
dqritig  tlie  Bummer,  and  it  seems  likely  that  the  winter  work  wiU 
beoome  W*  usual,  and  may  eyen  be  abandoaed  altogether. 

The  mtnlDg  upon  the  hill-aid©  claima  beare  no  reseinblauce  in 
ippeamoee  to  ordinary  placer  mining.  Horizontal  tminels  are  driven 
bto  the  White  Channel  from  the  face  of  the  hill,  and  shafts  are  sank 
mio  it  from  the  surface  in  a  manner  that  more  nearly  resembles  the 
fforkiiig  in  ordinary  metalliferous  lodes.  In  one  such  miDo  which  t 
Tidtadt  a  horizontal  tunnel  700  feet  in  length  had  been  driven  into 
fbegimTel,  and  at  right  angles  to  this,  and  at  intervals  of  about  60 
l«it,  laterml  tunnels  were  being  driTen  to  a  distance  of  70  feet  on 
eillmr  vide  ;  and  there  were  200  feet  of  pay  gravel  above  the  tunnel ; 
Ihe  men  were  working  with  pick  and  shovel  at  the  end  of  the  long 
timnels,  and  <>aTS  of  rock  were  being  wheeled  along  a  tramway  to 
the  bead  of  the  long  wooden  shoot  which  carried  the  gravel  down  to 
ibe  creek. 

In  these  high-bench  claims,  as  they  are  called,  two  great  diffi- 
culties are  encountered :  (1)  the  difficulty  of  disposing  of  the  tailingSj 
vhich  cannot  be  allowed  to  slide  down  upon  the  creek  claims  but 
must  be  artificially  banked  up ;  and  (2)  the  difficulty  of  obtaining 
rater  at  this  height.  Both  have  oo-operated  to  prevent  hydraulicking, 
vhich  would  otherwise  be  the  obvious  way  of  working  gravels  situated 
npon  a  Ateep  bill-side. 

On  Htmker  Creek,  however,  Mr.  JohauBon,  who  owns  both  creek 
md  bill-side  claims,  bM,  with  much  entorpriso  and  at  very  great  ex- 
petise,  introduced  hydraulicking  upon  a  oonsidorable  scale.  The 
water  was  here  derived  from  a  reservoir  in  the  creek,  and  was  raised 
hf  a  140  horse-power  engine  to  a  height  of  260  feet,  the  lerel  of  the 
kiU-«ide  workings^  and  then  to  an  additional  height  of  40  feet  to  an 
ulevated  tank,  whicb  gives  a  total  fall  of  about  60  feet  avsilablo  for 
tydraulicking.  The  water  was  conducted  through  a  10-inch  pipe 
KEid  6-inch  hose  terminating  in  a  2J-incb  nozzle.  About  1200 
Caiiadian  gallons  a  minute  could  be  delivered.  This  enabled  one 
iMii  to  wash  out  no  less  than  8  cubic  yards  per  hour,  and  the  gravel 
mm  washed  straight  into  the  sluice-boxes  without  the  ueoessity  for 
iatefmediate  labour. 

If  over  water  boeomes  more  abundant  and  acceesible  in  the  dis- 
iHct,  there  can  be  no  doubt  that  hydraulicking  will  be  largely  em- 
lo;ed. 

On  Bonanza  Creek  1  witnessed  another  novelty  in  the  first  opera- 
tions of  a  new  dredging  plant  ivhich  had  just  been  introduced,  having 
been  formerly  employed  on  an  auriferous  sand  bar  upon  the  Lewes 
Eivor.  It  is  very  possible  that  dredging  will  prove  to  be  an  efficient 
i&d  economical  way  of  working  over  some  of  the  old  claims  in  the 
ereeks  which  have  only  been  treated  by  the  cruder  methods  of  the 
eafUcr  minors. 
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TlibFti  are  other  iutruductbus  wliiuii  wet^e  new  at  the  time  of  mj 
viflH ;  altbough  oo  crushing  of  quartz  had  then  been  effected,  a  gmall 
TreDiaioe  mill  had  jnet  been  ereeted  on  the  banks  of  the  KlondjJEo  in 
the  immediate  neighbourhood  of  Dawson,  and  it  is  to  be  hoped  that  we 
ehall  soon  hoar  of  promising  reeults  among  the  quartz  dif^coverieB. 
An  aurifertms  conglomerate  fonud  in  eonsiderable  depoait^;  on  the 
Indian  Itiver  ^aa  attracting  much  attention,  chiefly  on  accouni  of 
its  snperficial  resemblance  to  the  South  African  banket. 

In  default  of  lesourcea  other  than  gold,  the  proB[>erity  of 
Klondike  in  the  immediato  future  appears  to  me  to  depend  maiolj 
upon  the  extent  to  which  in  the  crceki^  water  can  be  more  economi- 
cally and  bountifully  supplied,  labour  and  the  neeessaries  of  life  more 
cheaply  obtained,  and  communication  be  made  more  easy,  so  that  it 
may  be  possible  to  work  low-grade  gravel  at  a  profit.  There  is  mnob 
auriferous  material  which  it  does  not  at  present  pay  to  touch.  The 
Governuicnt  is  giviug  every  encouragement,  and  in  Mr,  Ram  the 
Territory  has  a  strong  governor  ;  roade  have  b«en  oonetructed ;  the 
niyalty  has  been  reduced  to  5  per  cent.,  and  on  all  claims  $5000  of  gold 
are  eiEGirpt.  The  necessary  charges  are  only  $10  for  a  miner's  license, 
$15  for  recording  a  claim,  ^50  for  surveying,  $15  for  renewal,  and  an 
owner  is  only  required  to  put  $500  worth  of  work  on  to  his  claim  each 
year* 

But  the  cost  of  water^  wood,  labour,  and  materials  is  almost  pro- 
hibitive ;  the  standard  of  living  m  high,  nllhough  there  is,  I  think,  a 
ctfuetantly  increa«ing  number  of  steady  aud  thrifty  men  coming  into 
tho  country  and  replacing  the  more  gambling  element  of  the  eaxly 
camp. 

The  ultimate  prosperity  of  the  country  depends  largely,  I  think, 
upon  the  e^ctent  to  which  auriferous  quartz  may  be  discovered,  and 
other  resources  dovehtped. 

But  it  is  certain  that  Dawson  has  come  mth  the  intentiot)  oi 
BtayiDg,  and  that  the  country  is  very  far  from  played  out.  Not  only 
is  thcro  ti.  cuniiidcrable  quantity  of  ground  yet  to  be  worked  in  the 
Klondike  creeks,  but  it  mu&t  be  remembered  that  much  of  the  vast 
Yukon  territory  is  auriferous,  and  that  attention  hus  only  been 
distracted  from  other  localities  by  the  extraordinary  wealth  of  the 
Klondike  area. 

^ow  that  the  district  poBseBfies  a  large  town,  iahabttcd  tliroughuut 
the  year,  now  that  communi cation  iB  being  facilitated,  that  freight 
rates  are  being  lowered,  and  that  the  poptdation  is  increasing^  it 
ought  to  be  possible  to  open  up  districts  that  could  never  have  been 
attempted  under  the  more  adverse  conditions  of  two  or  three  years  ago. 

Coal  m  being  miued  at  Cliff  Creek,  55  miles  below  Dawson,  and 
at  Five  Fingers,  about  200  miles  above  Daweon ;  placer  copper  exists 
in  largo  quantities  on  tho  White  River;  copper  ores  have  been  found 
neai'  White  Horse ;  tho  Atlin  district  promises  well ;  horfiee,  oattlR, 
and  Bheep  will  shortly  be  gupported  in  the  country  itself,  and 
vegelnbles  and  other  proiiuoo  will  be  raised. 
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It  ooly  renudns  to  be  seen  whether  the  cost  of  prodoction  can  be 
mfu  diminished  that  this  far  North- Western  Territory  will  be  able  to 
eoHpete  with  other  regions  which  are  more  favourably  situated. 

That  the  inhabitants  have  the  necessary  enterprise  and  energy  I 
bow  from  what  I  have  seen  of  them.  It  is,  in  fact,  most  interesting 
to  note  how  in  this  isolated  country  native  grit  and  intelligence  have 
koD^t  the  best  men  to  the  front  One  naturally  associates  the 
donent  of  luck  with  placer  mining,  and  no  doubt  many  fortunes  were 
Mde  and  lost  by  sudden  strokes  of  chance.  But  in  no  mining 
teiet  have  pirevious  experience  and  knowledge  been  of  less  avail 
The  oonditions  were  so  strange,  that  the  old  and  experienced  miners 
metimM  made  the  worst  mistakes,  and  the  men  who  succeeded  were 
ttoiB  who  were  sufficiently  alert  and  intelligent  to  adapt  themselves 
to  ike  new  oonditions.  One  finds  among  the  leading  miners — ^men 
tbo  have  oome  from  all  places  and  from  all  classes  of  society — 
MB  who  two  or  three  years  ago  were  workmen,  hotel  clerks,  store 
Mriflaats,  or  fiumers. 

I  cannot  conclude  without  a  word  of  tribute  to  the  magnificent 
vvk  which  has  been  done  by  the  Canadian  North- West  Mounted 
Police,  and  the  excellent  way  in  which  the  inhabitants  have  settled 
i>vn  imder  their  rule.  A  mere  handful  of  this  fine  military  force 
k?e  sufficed  to  introduce  law  and  order  into  the  country,  from  the 
tbe  of  the  great  rush  in  1897.  The  perfect  quiet  which  prevails, 
•ad  has  always  prevailed,  on  the  Canadian  side  of  the  frontier, 
ttotrMte  most  favourably  with  the  lawless  scenes  that  took  place  till 
nently  at  Skagway  and  other  places  in  American  territory.  Even 
ibe  disorderly  popiUation  which  migrated  into  Klondike  seemed  to 
W  its  character  on  Canadian  territory,  and  the  six-shooter  was  no 


I  doubt  whether  any  better  example  exists  of  the  manner  in  which, 
is  uj  part  of  the  world,  the  finest  features  of  British  character  will 
fnnil— the  firmness,  good  temper,  and  love  of  order  which  are  the 
^oBinint  characteristics  of  our  most  successful  colonists. 

[H.  A.  M.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  March  8,  1908. 

Sib  James  Gbiohton-Bbownb,  MJ).  LL.D.  F.B.S.,  Treasurer  au«) 
Yice-President,  in  the  Chair. 

Sir  William  Agnew,  Bart. 

Anbrej  St  Jolm  Gierke,  Esq. 

Mifls  Afpies  M.  Gierke, 

Hilder  Daw,  Esq. 

John  F.  W.  Deacon,  Esq.  M.A. 

Mrs.  Deacon, 

Edgar  Figgess,  Esq. 

Manrioe  Fitzmanrice,  Esq.  M.In8t.G.E. 

F.  Montefiore  Gnedalla,  Esq. 

John  Harold,  Esq.  M.6.  B.Gb. 

Francis  Legge,  Esq. 

H.  Lewkowitsch,  M.D. 

Miss  A.  H.  Little, 

William  Frederick  Preedy,  Esq. 

A.  Mayo  Robaon,  Esq.  F.R.G.8. 

M.  M.  Samuel,  Esq. 

F.  A.  Smith,  Esq. 

John  James  Torre,  Esq.  JJP. 

Glarons  Tweedale,  FiSq. 

Major-Greneral  James  Waterhonso, 

Philip  Watts,  Esq.  F.R.S. 

were  elected  Members  of  tbe  Royal  Institution. 

It  was  annouDCod  from  the  Gbair  tbat  His  Royal  Highness  tb^ 
Prince  of  Wales  had  graciously  consented  to  become  Yice-Patron  oi 
the  Royal  Institution  of  Great  Britain. 

The  Special  Thanks  of  the  Members  were  returned  to  **  An  Old 
Member "  for  a  Donation  of  £50  to  the  Fund  for  tbe  Promotion  of 
Experimental  Kesearch  at  Low  Temperatures. 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  tbe 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  tIb.  : — 

PUOM 

The  Secretary  of  Slate  for  inifia— General  Report  on  Pablic  Inatmotion  in  Bengali 
1900-1901.    fol.     1901. 


iiMMMoal  AKMly,  IZoyol-MonthlT  Notioes,  Vol  LXH 
Bnbri,  iMd'iiifo  o/-JoiiTDal,  VoL  XXin.  Part  2.  8m 
Mm  PMic  LSbrarv—AaniuA  List  of  Books,  1900-1901. 
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JtmimMa  dei  Lmaei,  BeaUy  BoiiMk— OUflK  di  Soienie  Fiaiehe,  Mfttemfttiohe  e 
NfttanlL    Atli,  Serie  Qmnta:  Bendioonti.    1«  Semestro,  VoL  XI.  Fmc  8. 

YoLLXn.No.3.    8to.    1901. 
1901. 
LSbmr^—Aannal  List  of  Books,  1900-1901.    8yo.    1902. 
Monthly  BnUetin  far  Feb.  1902.    8Ta 
MU  ArekiUeU,  Rofdl  In^tUuU  o/— Jomnal,  3id  Series,  Vol.  IX.  No.  8.    4to. 

1902. 
Muklilp«iMMMaIilsM0»a(idii-JoiirDa^  8yo.    190L 

Menoixs,  Vol.  X.  Parts  1,  2.    8to.    1901. 

iyret,  Cj^f— Monthly  Balletln  of  Municipal  Statistics,  Deo.  1901.    4to. 
Ayrm^  Mmmo  Naeumale — Comunioaoiones,  Tom.  I.  No.  10, 1901.    8to. 
CU>--JoiMmBi  for  Feb.  1902.    8to. 

h  Sodei^  o/— Jonmal,  VoL  XXL  Nos.  2,  3.    Svo.     1902. 
-Proceedings,  No.  247.    8Ta    1902. 
Joonal  for  ^ebu  1902.    Svo. 
IMirf— Aeronautical  Joamal  for  Feb.  1902.    8ya 
AMricsn  Journal  of  Science  for  Feb.  1902.    8to. 
Amlyit  for  Feb.  and  ICaroh  1902.    8to. 
Aitbooy's  Photographic  Bulletin  for  Feb.  1902.    Svo. 
Aitnphyacal  Journal  for  Feb.  1902. 
AtbeuMim  for  Feb.  1902.    4to. 
Aotbor  for  Feb.  1902.    8yo. 
Bnven'  Joamal  for  Feb.  1902.    8to. 
Cbemiflal  News  for  Feb.  1902.    4to. 
GhMist  sod  Dmggist  for  Feb.  1902.    8yow 
Kketriflsl  Engineer  for  Feb.  1902.    foL 
QMWoal  Be?iew  for  Feb.  1902.    8ya 
Qeetiical  Timea  for  Feb.  1902.    4to. 
Beetridty  for  Feb.  1902.    8to. 
Sngineer  for  Feb.  1902.    fol. 
loRiaeering  for  Feb.  1902.    foL 
HomoMpathic  BeTiew  for  Feb.  1902.    8yo. 
Bnological  Jonmal  for  Feb.  and  March,  1902.    8yo. 
loTeotion  for  Feb.  1902. 

JofDoal  of  the  British  Dental  Association  for  Feb.  1902.    8yo. 
'ooraal  of  Medical  Besearoh  for  Jan.  1902.    8yo. 
Joarnal  of  Sute  Medicine  for  Feb.  1902.    8yo. 
law  Joamal  for  F^.  1902.    8yo. 
loodon  Technical  Edocation  (Gazette  for  Feb.  1902. 
Kichinery  Market  for  Feb.  1902.    8to. 
Vbtor  Gar  Joamal  for  Feb.  1902.    8yo. 
Kstaxe  for  Feb.  1902.    4ta 
9ew  ChoToh  Magarine  for  Feb.  1902.    8to. 
Hoofo  Cimeoto  for  Feb.  1902.    8yo. 
Pharmaoentioal  Joamal  for  Feb.  1902.    8yo. 


FhotograpMc  News  for  Feb.  1902.    8yo. 
PbnioalBeTic 


Pbyifeal  Beriew  for  Feb.  1902.    8yo. 
PopoJar  Science  Monthly  for  Feb.  1902. 
Poblie  Health  Engineer  for  Feb.  1902.    8yo. 
Beienee  Abstracts  for  Feb.  1902.    8yo. 
Tnytf  for  Febw  1902.    8yo. 
Zoophilist  for  Feb.  1902.    4to. 
MhSieal  Smaimmn,  IfitlUiuUim  o/-Joamal,  Vol.  XXXI.  No.  154.    8yo.    1901. 
Ibmice,  lUaU  Aoeademia  dt— Atti,  4tb  Sene,  Vol.   XXIV.  Disp.  3,  4.    8vo. 

1902. 
Qfoftapkieal  Societgj  fioycU— Geographical  Joamal  for  Feb.  and  March,  1902. 
8fOu 

a  2 


u 


General  Mortthlf  Mf^eting, 


[Mftrcb  8, 


Ijnpminl  Tmiitute^lmpet\Al  Instittite  Journal  ft»j-  Feb.  and  March,  I&(f2. 
Johtu  HopkiJi4  Univerfiiitf — UniferHity  Circular,  No-  155-     8vo.     l9flL 
Lsighton^  Jt^hn,  Esq.  M.H.L — Joiunal  of  the  Ex-Libria  Suoiety  for  Jan.  1 902.    « vo, 
Mg^aras  G&eertimmit  Mmium — ^Bullelin,  Vol.  IV.  No,  2:   Authropi^lo^.      8va 

1901. 
Muchanical  Enfineert,  Imtituifmi  e?/— Prcice©ilnip&,  1901,  No.  4,    8tn,     190L 
Mtieoriii&gioal  Society t  ^j/al^Uelforologicfil  Bec^ird,  VoL  XXI.  No.  82.     Svo. 

lUOl. 
Mietote&picvd  Society,  Royid — Journal,  19(l2»  Tart  1 .    8vc>, 
Naoff  J/cogMe— Navy  Leagtie  Journal  for  Jan,-M*rc-h,  lSf)U.     8to. 
New  Vork  Aotdem^  of  Smenr^—Ani^vdi,  Vol.  XIV.  Fait  1.     8vo.     im\, 
Odmtof^iait  Society— TmoBmiiiym,  Vol.  XXXIV.  No.  3,    8to.     1901, 
Fhotogmphic  Social  t/,  Rrn/nl — Fljologmphic  Joufiiai  for  Feb,  10*02:    8vo, 
Ronie^  Ministry  t)f  fvitldc   Worlds — Uiomftlu  del  Gcnio  Civile,  Nov.- Dec.  l&Ol. 

Svo. 
Boyal  Soci^^  of  Lmdtm— PbiloBopliica!  TranBRctiona,  A,  Nob.  3(H-303.     4 to. 

1902, 
Pfoceedingp,  No.  455,    8to     1902. 
Selbome  5oci>|y— Natur^^  Notoa  for  Feb.  19f>2.     gvo. 
Society  o/ J f/»— Journal  for  Feb,  1902.     Hvn. 
Tewsefiini*.  Pwf-  P.  Hon.  Mern.  EJ.  (the  jlt*tAof)— Meuiorie  della  Societit  de^^i 

BpettroBcopieli  Italiftni.  VoK  XXXL  Diap.  L    4tij.     1902, 
TtiUfBi4m,  Pro/,  Rfjbert  H.  H*m.  Mem.  JtJ.— hist  of  Bookn  nod  Pftpeis.  I5?i)2,    8f«. 
United  Serpice  Inititutiont  Royal—JouTUBl  for  Feb.  1^02.     8vo. 
United  State*  Department  of  AgricuUuni — MoEitldy  W^itber  Bevlew  for  Not.  1901, 

4to. 
Contoibutiotiii  from  tbo  U.K.  National  Herbanuni,  Vol.  VII. :  Planis  n^ed  bj 

the  I ndiaD a  of  Mendncttto  County,  Cftlifornia.    liyV,  K.  Che^ q t.    Ky o.    1 9( ^2. 
Nutrition  Inveatig&tioDB  amoii<?  FruitBriaue  and  ChiiieBe,  1899-1901.     Bro. 

1901. 
Vtreiu  tur  BefOrdermig  de«  Gmeefh^eitH*  in  Pr«tMier»~-VerbKtidliiii^^  1902. 

Heft  2,    8to. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  7,  1902. 

8tt  William  Cbookis,  F.R.S.,  Honomry  Secretary 
and  Tio©*Pr©8ident.  in  the  Chair. 

Profeuor  H*  BEoausBEu,  D.O.L.  PhD.,  Membre  de  rAoad^mie  dea 
Sciences,  Paris,  Bon,  Mom,  RJ, 

Sur  la  Badio-iietimtS  de  la  Matiere, 

Li  propri^te  qae  poeaMeiit  certatnfi  corps  d'^meitre  an  rayonaement 
uiTuible  e%  p^uStrant,  etait  inoounue  il  y  a  six  ans,  Le  moavemeiai 
didte  que  flnaciterent  les  experienees  Aq  RtinCigeD  conduisit  k  re- 
olaobst  si  la  matiSre  n'emettrait  pas  de  ^emblables  radiations,  et  ron 
fOB  d'abord  aa  phenomene  de  la  phuaphoreecencti  qui  r^aLisait  an 
oodfl  OQDDQ  de  transformation  et  d^dmiesioQ  d'energia  Cette  idde 
M  defait  pas  a'appliquer  aa  pheoom^ne  qni  none  occupe,  mais  elle 
fit  AqModant  fecoade.  Elle  coadQisit  k  ahoisir  par  mi  1^  dorps 
pbosphoresoents,  \m  sels  d'araoiam  dont  la  constitution  optiqao  ost 
RoiinjQabld  par  la  &erie  barmonique  des  bandes  de  leurs  spectres 
<rihsorptioD  et  Je  phoephorescence.  C'est  en  eip6ri  men  tout  ft?eo  cos 
curpt  (^tia  j'ai  ya,  eti  1896,  le  ph^nomSne  nou^eaa  dont  je  me  propose 
<fe  Tooa  GUtrotonir, 

Voici,  reproduitoa  p^  la  m^tbode  de  Lippmaan,  les  lamelles  do 
lalfite  doable  d'urauiaoi  et  do  potassium  qui  ont  servi  aui  premieres 
etj^eneooea,  Apr^s  a^oir  pose  ane  de  cos  lamelles  aiir  le  papier  noir 
^«i  en¥eloppait  une  plaque  photograpbiqae,  et  ravoir  laissSe  ainsi 
fMidant  qnelques  heures^j'ai  observe,  on  dereloppant  la  plaque^  que 
h  fld  d'umiuain  avait  emis  des  rayoDs  octifs,  traversant  le  papier 
loir,  ainai  que  divers  ocrmm  interposes  entre  le  corps  rayouo&nt  et  la 
pliqna  (lamelles  minces  de  vefi-e,  d'alaminitmii  de  ctiiTre). 

Je  ne  tardai  pas  a  reootinaltre  quo  le  pbenom^ne  etait  indepoudant 
il«  la  phoj^phoresoence,  et  meme  de  toate  eicitatiou  de  nature  counue, 
telle  qn'ooe  ezcitatiuu  lumineuee  ou  ^lectrique,  on  une  variation  tr^ 
iH^taUe  de  temperature. 

On  titait  done  en  presence  d*uti  pb^nomSne  spontanS,  d'an  ordre 
bO'iiTeaQ,  L'absenoe  de  cause  excitatrice  coanne  sur  un  prodult  pr6- 
(ar^  depuie  plosienrs  anuees  daus  le  laburatoire,  permettait  de  penser 
^m  le  phenomeuo  eut  M  le  mgme  h  quelque  moment  qa'on  I'e^t 
re;  il   devait  done   paraitre    permanent,  c^est    k  dire  qa'il  ne 

lit  pas  matii fester  um  afiaiblissoment  appreciable  pendant  un  temps 

ttm  long.     Cost  en  effot  ce  que  j'ai  pa  verifier  depma  sii  ana*     Je 

aoas  vofl  youi  la  premier©  eprenveqin  la'a  r^v616  la  spontan6it6 

iaji>uixeiiieat ;  celui'Ci  a  traTorse  io  papier  nuir  qui  envoi oppait  la 
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p!&qtie,  et  tme  km©  miaoe  deouiTT©  ea  formo  do  ci^ix  (Pig*  1).  Ymci 
encore  1ft  radiogrmpliie  faite  h  la  m^me  ^poque,  d'ono  m^daille  en  aln- 
iQininm  (Fig,  2] ;  Vdbsorpiton  ioSg&le  par  Igs  diferentes  ^palasenrs 
da  mStal  a  fait  appamitfe  l^effigie. 

D&a  \&  premilrc  obeerTation,  j*at  retx^nnu  qtie  1@  rayon nement 
DotiTeati  clecbargeait  &  distance  dans  rair,  lea  ^orpF^  ^leotrisee,  pbS« 
nomene  qtii  doiine  une  seconde  ra^thode  pour  otudier  cas  rayong ; 
In  mSthode  pbotograpbiqne  eat  fiiirtont  qualitative,  relectrom^tra 
foil m it  des  ^I6mcnt6  num^nqneB  de  comparaiaoD. 

Au  oours  de  oea  premieres  confitatAtions^  je  fits  d^toam^  do  li 
yoi«  dans  laqnetle  les  exp^riGnceg  nlterieura  devaient  me  ramener, 
par  pluBieurB  faita  dont  le  principal  est  1©  euivant :  Ayant  prot^^6 
ime  plaqne  pbotographique  par  nne  plaqne  d'alumiuium  de  2  mm. 
d'6paie8eur,  et  ayant  dispoa^  sur  ralnmiQinm  divers  ^ehantilloni 
de  pondres  pKosphoresoentes,  reposaat  snr  des  lamelles  de  verre  et 
TeoouTertee  de  petits  tnbea  on  forme  de  olocbe,  eoinrae  lo  raontre  la 
figtire  ci -centre  (Fig.  3),  rSprenre  obtenno  an  bout  de  48  benree  de 
poae,  et  que  jo  mots  eons  vos  yeux  (IHg.  4),  doann  des  silbonettee  dea 
lamelles  de  verro  tollos  qa'elles  eusseat  M  produites  par  la  r§lrao- 
tion  et  la  rfifleiion  totale  de  rayons  ideDtiqiaes  h  oeui  da  In  lamifere^ 
mais  qui  auraient  trftTOre^  les  2  mm.  d*alumin!nm.  Cetfce  epreuvo 
est  unique  :  je  n'ai  pu  la  reprodnire  ni  obtenir  d' act  ion  aveo  le  m^mo 
^cbantillon  do  sulfur^  de  cakiam,  ni  avee  auciine  autre  preparation 
pbospboroscente,  A  la  m€aie  ^poque  M,  Niowenglowgki  avail  ohtenit 
nne  iinpression  aveo  du  Bulfure  de  ealcinmj  at  M,  Troost  ave<5  de  la 
blende  beiagonale.  J' ignore  eneore  la  can  so  de  raotivito  de  oes  pro* 
dttits,  et  de  ea  disparition.  Oes  faite  et  qaelqnes  antres  m'avaient 
conduit  k  penser  que  le  nouveau  rayon nement  pouvait  €tre  nn  monve^ 
ment  transversal  de  T^tber  analogne  4  la  lumiere ;  Tabsence  de  re- 
fraction et  un  grand  nombre  d'antres  experiences  me  drent  abandonner 
cette  bypotb^se. 

Bans  cette  m€me  annSe  1896,  je  reoonnus  que  toua  les  sela 
d'uraniom  ^mettent  des  i^iations  de  mime  nature  et  que  la  propriety 
radiante  est  ntie  propri6t^  atomique  li^  h  TM^ment  uranium;  leg 
mesnres  Slactriqnes  me  montrdrent  que  1' uranium  m^talliqne  Stait 
environ  trofs  fats  et  demie  plus  actif  pour  ioniser  Tair,  que  ne  Test 
lo  sulfate  double  d'uranium  et  de  potassium.  La  m^me  m^tbodA 
permit  d'Sindier  le  r61e  des  gaz  dans  lo  d^ohargo,  de  reconnattra 
qii'nue  sphere  d'uranium  ^lectris^e  conserve  sa  cbarg©  dans  le  vide, 
taudis  que,  dans  Fair,  elle  se  d^ charge.  La  vitesse  de  la  chute  da 
potentiel  est  eonsiblement  proportionnelle  au  potontiel  si  celui-ci  est  dft 
quelques  volts ;  olio  devient  constante  et  indSpoudante  du  potenti^ 
pour  les  potentiela  trfes  61ev6s.  Lo  gaz  rendu  conducteur  par  It 
rayonnemeut  censor  to  cotto  propriety  pendant  quelquos  ins^mts, 
Entre  deux  conducteurs  maintonus  a  des  potentiels  constants  lo  rayon* 
nement  ^tablit,  dans  l*air,  un  courant  oontinu. 

Oe8  exp^rionces  ont  6te  reprises  et  variees  en  1897  par  Lord 
EeWiu,  puis   par  MM.  Beattie   ot   S>  de   Smolan.      En   1397  Mr, 


1903.1 


Ja  Badia-acfimi4  de  lu  Maii^re^ 


m 


Kutli^rford  montrm  oomment  les  ph^notuSneti  dns  h  la  condaotibiHtd 
Qummaniquee  anx  gaz  par  raraniDm,  et  Voxistenoe  d'un  ma^nmam 
ding  k  oouront  prodnit,  poavont  a'axpliqncr  dans  rhypotb^sa  de 
IWiMitioti  4  laqmella  las  beaux  tiriTanx  de  Mr.  J.  J.  Thomson  out 
hmb  taut  d'autorit^. 

En  1398,  M.  Schmidt  ot  lime.  Curie  obaerr^rent  separement  qtto 
Ift  llumtmi  a  dea  propri^tes  analogued  k  eel  lea  de  T  uranium,  pro- 

ftq^1li  furent  etndiees  en  particdier  par  Mr.  Ovr^Ti»  ot  paT  Mr, 
[brd<.  Mm&  Oario,  ajant  meaure  I'actiTit^  ionisanta  d'lm 
pnd  fiombre  de  min^ranx  con  tenant  de  rnraninra  on  da  thorium, 
■pila  oe  &ii  remarquablo  que  plusieurs  mineraia  ^talent  plus  aotifa 
qil  ramnium  metalliqne.  M.  et  Mme.  Curie  en  oonoItifGnt  qn^il 
40fiii  «xister  dans  le  m.inerai  an  corps  plni  aotif  que  T uranium  :  at 
Oi  «atrepripeiil  de  Fisolert  Traitant  alon  I'nn  dos  plus  aotife  de  ces 
Btfiirtis,  la  pechbleude  do  Joachitnstbal,  ila  en  separerent  d'abord 
^bumntli  aotif  auquel  ili  donn^rent  le  nom  de  Polonium,  paia  pen 
tprkdo  barynm  tr^a  aotif,  eontonant  an  element  noiiTean,  le  Badinm. 
Gee  prod  a  its  se  preparont  pat  dea  precipitations  fractionn^  pour 
l^Qellea  on  est  guide  par  lee  indications  de  rolcotromdtre ;  ractiTttS 
^  prodoita  nbtenns  a  dSpass^  100,000  foia  cello  do  Turanium,  Vere 
li  mSme  epoqae  M.  Gieael  est  parreau  4  preparer  dea  substauoee 
tik  actiTea,  et,  en  1900,  M.  Debierne  a  annoncd  rexiatenoe  d^un 
!u>inrel  ^Imentf  rActininm,  anr  leqnel  on  a  jusqu*ici  peu  de  ronseigne- 
oteiiti.  De  eea  diverses  preparations  Je  radium  scul  est  caraet^rifle 
onnae  element  nouveau ;  il  poasSde  un  speotro  d^Araission  form^  da 
%BQi  qui  o'appartiennant  a  aucun  antra  corps  eonnu,  et  le  poids 
MBou^iie  dea  f  ela  da  barynm  radif^ran  augtnanta  area  laar  teneur  en 

Le  rajoDnemant  da  I'oianium  ^tait  trop  faibia  pour  exoiter  le 
pioftphoreaeenco  des  corpe,  M.  at  Mme,  Corie  observ^rent  ce 
^titioomdne  avec  \m  rayons  du  radium  ;  bten  plus  les  eels  de  radium 
»  rodent  lumiDOUX  anx-mSmaa ;  leur  luminosity,  oomme  lear 
njannement,  est  span  tan  ^,  Le  rayonnement  du  radiom  prodait 
w  actioDB  chimiques  diTeraee,  colore  lo  rerre,  tranoforma  roxygdue 
tftoflone,  le  phospbora  blanc  en  pbospbore  rouge ;  il  ionise  non  seule- 
•eit  la  ga«,  mais  encore  les  liquidos  fp6troleg,  air  liqaida)  at  las 
toBdei  taolanta,  tals  que  la  paraffine,  en  d^voloppant  dana  ca  dernier 
^^  ana  eoiidoctibilitS  residaeUe  qui  dure  fort  longtemps  apr^s  qua 
h  myotmememi  a  eees^  d'agir.  II  proToque  aur  les  tissus  organiqnae 
^  orAlorea  profondes  analogues  a  cellos  que  font  les  rayons  X. 

t^toliantilton  da  radium  qae  M.  Cuno  m'a  pr^ta  pour  oetta  oon> 
f^nnue^  ma  permet  da  to  as  moutrer  quelquos-uns  de  oes  pb4uomdnea : 
loiuailiQf]^  da  l^air,  Inminoeite,  phosphoreRcence. 

J^ii  aon«tat^  par  I'dprenye  pbotograpbique  qua  je  montre  ici 
{^igi  6i  que  le  rayonnemeut  du  polonium  no  traTorsait  pas  una 
^boe  ^uillo  do  papier  noir  qoi  formait  an  petit  cylindra  farm^  par 
^  I'alu minium  ou  du  mica,  et  au  fond  duquel  eiait  la  mati^re  pul- 
'^Nente ;  1©  rayonnement  du  radium  trarerae  facilameut  cette  en- 
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gi^biqiue  horisoDtele  parslldle  an  champ  nnifonne  Que  petite  cnvo  Qti 

ikob  ooalen&iit  qnelques  grains  de  baryum  radii^re  et  formant  une 

irane  d&   li^d   petite   diametre,  le  rayonDemetil  est  ramcne  aur  la 

pkqae  et  rLtnpressioiiiie  d'un  seal  cdte  ;  nn  faiaceati  do  rayons  Bimples 

mm  daos  le  plim  normal  k  la  plaque  et  parall^le  an  champ,  doit 

Sparer  ib^riqoement  un  arc  d'ellipae  dont  les  axea  eont  dans  le  rap- 

|ort  det  i!!0iubr©e2  et  ^.     L*eprenve  ci-contre  {Fig,  7)  montre  cee 

uts  thwonqnea,  eblenua  en  renTersant  le  sens  du  champ,  I'un  dans 

ftir,  Fantre  dans  le  vide,  anr  une  plaque  enreloppS  do  papier  noir ; 

t'uitetiKit^  du  champ  magn^tiqtiB  ^tait  envtron  4000  unites  C.G^B. 

81  ran  n'enveloppe  pas  la  plaque  photographique,  et  si  Ton  dis' 
pon  HTir  celle-ci  diiremes  bandes  de  papier  ou  de  metal,  formant  ^crana, 
ttobierre  dans  rimpression  du  rajannement  dispera^  par  le  champ 
up^qne,  des  sortes  de  spectres  d'ahsorption,  A  cbaque  fcrajecloire 
iscomfture  dififiSrente,  correspondent  dea  rajons  de  viteascs  diffgrentea 
^  (Kit  dea  pouToirs  de  penetration  diff^Srente. 

Ymci  nn  exemple  de  ces  dprenyea,  obtenu  dans  nn  ohamp  de 
1741}  tmit^B  C^G.B^  enTiron ;  les  ^rans  sont  une  bande  de  papier 
Dar,  ime  bande  d'alnmtmum  de  0,10  mm.  d'epafsseur,  et  une  bande 
i»  pliline  de  0,03  mm.  d'^paiaeenr  (Fig.  8).  Pour  avoir  un  spectre 
pQT  tel  qn'en  chaque  point  de  la  plaque  il  n 'arrive  qu'nn  faisceau 
^t  \m  trajectoires  aicnt  la  mSme  courbnrej  on  doit  aaaujetir  le 
Ajdntiement  iean  de  la  Fource  ponctnelle  a  pasf^er  par  un  trou 
Ut  Le  r^ultat  est  le  ni^me  que  le  pree^dent  comme  le  montre 
lifignre  ci-contre  (Fig.  9).  Celle-ci  fait  encore  voir  uue  impression 
^intense,  doe  a  dos  rajona  secondair*^  provoquees  par  les  rayoDs 
([0]  ^ent  arT§t^s  par  une  goutti^re  de  plomb  reeouvrant  la  source^ 
(^diai  laqaelle  etait  pratiquee  roQvorture  qui  donnait  passage  an 
^*8bB  pnr, 

L'ftbeorption  varie  avec  la  distance  des  ecrans  ^  la  source  radian te, 
^  ^  rayons  qui  sont  arret^s  par  un  ecran  placS  enr  la  plaque 
Ivrent  traverser  ce  mSme  ^ran  lorsque  oelui-ci  est  interpose  but  lenr 
li^  pris  de  la  source. 

Oei  eip^rieneea  laissaient  peu  de  doutes  siir  I'idetitite  du  rayon- 
1*«it  deviable  et  des  rwyons  oathodiquee.  Cependant,  il  6tait 
■^Mnire  de  demontrer  qu'ilfl  traneportcnt  des  charges  d'^lectricitfi 
^|lti?ft,  et  qu'ils  sont  devils  par  nn  champ  6iectrique, 

M.  ot  Mine.  Curie,  datjs  une  tr^  belle  ©xpcHepcej  ont  montre 
iw>  lei  myons  do  radium  chargeut  iiegativement  les  corps  que 
re^oivent  le  rayonnemant,  ©t  qoe  la  source  se  charge  elle-ni^me 
potitivement.  Pour  cette  donble  experience  il  est  nicessaire  que 
tool  l«i  Gondacteurs  et  1a  sunrco  etle-mlme  Boient  envetopp^  com- 
pUteDQeDt  de  matt^res  isolautes  teUes  quo  la  paraffine.  Pour  la 
fipimtioii  active  ^tudi^,  la  charge  etait  de  4*10~'*  unites  O.G.S. 
pr  centimetre  t^xre  de  Burface  radiante  et  par  seconde. 

I>e  QQCin  oAt^  je  suis  parvenu  ^  mettre  en  Evidence  et  h  meanrer 
^  divutioii  ^leotrostatlque  en  projetaot  sur  une  plaque  photo- 
piphjqae  Tombre  (le?iee  d'un  ecran  pluu  porpemliculaire  an  champ. 


m 


Pro/estor  H.  B^^^iusrel 


[March  7. 


L'lm  dea  appftreils  oet  figure  ci-contre  (Fig.  10)  aind  que  Vnae  dea 
^prearea  obtenuee  (Fig.  11),  dans  laqudlle  but  les  dens  moiti^a 
d'une  m^me  plaque  apparaisseat  lea  ombres  d^rieoa  corrosponilant 
ftD  ren  versa  men  t  da  cLaiDp  ^lectriqoe^  do  lit  I'm  tensity  4tait  eiiTiroQ 
1,02.10'". 

L'hypothSse  balistiqno  attribuo  oes  pb^uomSuee  Jk  Teiistence  de 
roasacs  maturiollGa  transportiiiit  dos  charges  d'^lectricit^  uegative 
a  Tec  une  yi  tease  cfiDsiderable,  8oit  m  la  masse  materiel  d'nne 
parti cule,  e  sa  charge,  tf  sa  viteBSe^  On  aait  que  dans  nn  clmmp 
maguettque  d'intonsit6  H  le  rayou  de  conrbure  p  de  la  trajectoire 
circulaire  est  donn4  par  la  rolation 


Hp 
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La  valeur  Dumerique  da  produit  H  p  peat  serrir  k  caracteriser  la 
nature  do  cliaqae  rajon  simple.  1) 'autre  part,  dans  nn  champ 
electrique  dintensitS  F  le  paramStre  do  la  trajeetoire  paraboliqae  cBt 

m    ©^ 


La  oonnaiflsance  de  ces  deui  grandeurs  donno   -  et  v.     Ponr  nne 

e 

valenr  de  Hp  =  1600  j'ai  obtenu  approximativement  i^  ^  1^6.10'*  et 

=  10^     Cefl  nombres  sont  tout  &  fait  de  I'ordre  de  grandeur  de 
m 

ceiix  anxqnels  conduisent  les  mesuree  faitea  avec  les  rayons  catfao- 

diqnes,   les   considerations   th^riqnes   relativos   k   Texp^rience   de 

Zeeman  et  les    determinations   de  M,  Lenard  snr  rSmission    pro- 

yoqn^e  p&t  les  rajons  ultraTiolets. 

Des  D ombres  ci-dessus  on  dMuit  qne  par  le  fait  du  rayonnement 
dSviable  consider^  il  B'6chapperait  par  chaque  centimetre  carr^  de 
earfoce  radian  to  1,2  rogr.  mati^re  en  nn  milliard  d'ann^es. 

En  etendant  ces  mesures  4  des  rayons  de  di  verses  natures  et  bien 

e 
determines,   on   doit   reoonnaltre   si  le   rapport  -  est  constant  on 

variable  d'nn  rayon  h  un  autre,  et  si  eenx-^i  ne  different  pas  unique- 
ment  par  leur  vitesse :  je  n*ai  pas  tenninS  les  ei^i^riences  quo  j'avais 
entreprises  pour  resoudre  cette  qaestien  fou  dam  en  tale,  mai»  r^cem^ 
ment  M.  Eanfmann  B'est  propoB^  de  V^luGider.  II  n  oombiuS  a  angle 
droit  Vactton  magu^tique  et  raction  Electrique ;  malheureusemenl 
reiperience  qui  est  dtffieilo,  ne  lui  adonn§  qu'une  seule  plaque  bonne 
k  mesurer.     Pour  des  valenrs  de  Hp  oomprisea  entre  1800  et  460D, 

il  a  tronv^  que  le  rapport      variait  de  1,3. 10*^  &  0»6.10^,  et  la  vitesse 

ude  2,3.10'^  i  2,8. 10^ 

La  oouatatstion  d'une  variation  riguli^  dans  le  rappott  cftlonl6 

a  une   importance    theorique  considerable:   si  oe   rapport   ^lait 
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rmnrtiTit  eonuno  cela  eembliiit  t^bvUbt  d'oD  grand  nombre  de  meBurefi, 
on  ^emit  eat  ooiuilure  que  lea  ihjohb  pen  d^Tiablea  poor  lesqnels  le 
ptodait  Hp  d^|iaase  6000,  oat  das  vitesaeB  notablemeut  Bup^rienros  a 
oelle  de  U  Inmi^re. 

D'ftiitz^  P*^  d^  oansid^raiionB  th^oriqnes  ont  fait  peoBer  que  ]& 
filene  ne  ponwt  d6p««fier  celle  de  la  propagation  des  perturbations 
•lasfao-iaftgD^tiqiieft,  c'est  a  dire  la  vitefise  da  la  lumiere,  ct  Ton  a 
W  eondnlt  \  oonsiderer  lea  masees  mebilefl  dans  nn  cbamp  mag- 
•liMpie  cxjtnme  douSea  d'nne  inertie  parti  culi^ro  fonction  de  la 
filene.  Bans  cos  ooDditions,  la  masae  calculi  derrait  ^tre,  en  partie 
an  moin»,  apparente,  et  grandir  tndMniment  a  tnesui^  que  la  vitesse 
jMb  H^approcbe  de  oelle  do  la  himiSre.  Leg  nombres  publiea  par 
1,  Eaufinajui  sont  conformea  &  cette  hjpotbes^. 

One  aotfte  cone^nence  de  cette  maniere  da  voir,  eerait  ijn'il 
knmi  y  avoir  continuity  entro  les  rayons  d^viablea  et  eeux  qui  ne 
kiimt  pas^car  le  rayon  deconrbure  dee  trajectoires  devient  infiui  en 
D^  temps  que  la  ma^e  apparente. 

t'4|ii«iiv«  pbotogmpbique  d^ja  mentionne  (Fig.  6),  ainai  queTtme 
i»  d^cniTeB  eQiTantes  (Fig.  13),  manifeBtent  an  contmire  une  die- 
oontiiiiiitd  bien  nette,  et,  dans  la  secande  epreaTe  en  qUQStion,  la 
pon  a  ^t£  arises  prolong^  poiir  que  rimpreasicm  des  rayons  les  moins 
ictib  tela  qtie  les  rayouB  p^nltrants  non  devils,  soit  Bottcment  visible. 
Cette  ^pretive  a  ^t^  obtenne  en  employant  lo  dispositif  BtaiTant: 
I)uj  le  ebamp  mago^tique  niuforme^  d'nu  aimaot  perraauent  on 
difpoee  nortDatemetit  an  cbamp  nno  plaque  pbotograpbiquo,  puis  on 
ippliqae  mir  calleH^f  das  ^crans  fonnes  do  lames  de  pJomb  fix^es  enr 
at  lame  de  verre  oomina  rindiqite  la  figure  ci-contro  (Fig*  12).  Cos 
^mm  mhI  perc^  d  oavertures  en  forme  de  fcntea  plus  ou  moins  pro- 
bodai,  norniales  ^  la  plaqne,  et  destinees  k  limiter  dei^  faiseeauJE 
Iboita;  anr  le  trajet  de  ces  faisceaui  on  pent  disposer  par  1©  mSme 
wMk  des  ^rauBf  tela  que  des  lames  d  alumininm.  Aa-dessons  de 
» pUqne,  en  regard  d'nne  fente  6troito  pratiqneo  dans  nno  lame  d© 
J>lombj  on  place  an  petit  bloc  de  plomb  coutenaot  une  rainure  pro- 
iAde  normale  a  la  plaqne,  et  dans  laqtielle  on  mat  la  matiSre 
Aiiuite.  On  a  ainsi  une  sonrce  lineairo  6troite,  uormale  a  la  plaque, 
*t  d«  qtselquefl  miUim^tras  da  longuaur«  La  rainure  est  reoouvarte 
^'une  lame  minae  d*alumimmn  pour  arrlter  lea  rayons  luiuinem:» 

L'smpreflition  representa  una  section  faita  normn lament  an  cbamp, 
h  ftifoeau  dont  une  partie  egt  dt^Ti^e,  Cboque  fai &caau,  corraspon- 
^i&t  k  une  ntease  d^terminee,  donna  une  imprcBsion  seueibk'meut 
(^n!i]laire  oomme  d  le  trajectoire  enti^re  ^tait  marquee  sur  la  plaque, 
"^U  em  Ipreuvae,  rintSrieur  des  eylindree  creneles  formant  lee 
^'^iMasI  tr^  fortameat  impreBsionu^  par  remission  Becondaire  du 
P'oab.  La  premiere  ^prenve  (Fig.  13)  montre  que  par  cbaqua  ouver- 
^  il  pUM  ttaa  iadnitS  de  rayons  eonstitnant  des  portions  de 
IJfBotiii  pun.  Genx-ci  rencoutreat  une  lame  d'aluminium  de  0»I  mm. 
jtl>ti»0lll»  el  la  trardroent  eans  deviation,  maie  in^galament  bian. 
^  njmm  peu  deviad  aont  penetranU,  et  ezcitatit  dee  rayons  eeoon- 
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dmii^Ni  a  hm  aoHie  de  Taltimimttin,  Lee  wyoM  tr^a  d^tiablea  Bont 
Arr#t^8,  et  font  nftltre  vmx  points  frapp^s  nn  nkyonnemeat  secondaire 
iotetifle.  Une  senle  dee  detii  ciitegoriee  de  rayoBs  dou  deyiabha 
apparalt  sou®  la  forme  do  deux  Hgaea  fines  i  Toppo©^  de  la  source ; 
oe  sunt  lea  rayons  tr^  p^netmnte.  Lea  ^nitm  aTdent  ^iS  arr^t^ 
pr^fi  de  la  soorce. 

La  'denii^me  dpreuTo  (Fig*  14)  montr©  dee  ftisceatiz  aimpleg 
obtenna  par  une  double  e^rie  douirerlures.  Par  Tun©  d elles  0  pent 
pttribia  passer  deux  trajeotoirefl  dietinctes.  Cette  epreuve  montre  la 
transmission  de  rayons  simples  an  travels  do  1' aluminium,  et  les 
efiets  secondaii'es  qu'ils  provtMj^ueut. 

Le  m€me  procMe  a  penuis  de  oonstater  que  les  irayons  B6condaireii 
«taient  etix-m^uiee  de?iables  par  le  champ  magn6tiqu6»  dans  le  mSme 
geas  que  les  rayons  excitatenrs. 

Le  t^yonnement  du  radium  oomprend  une  par  tie  tr^s  pane  Iran  te 
formee  de^s  rayons  les  muins  deriables  et  de  rayons  non  d^viablea 
doDt  les  proprietes  sembleot  lea  mdmes  que  celles  des  rayons  da 
Bontgen.  Ces  rayons  penetrants  ne  soDt  que  tres  pen  absorbes,  et 
par  suite  leur  action  sur  nue  plaque  photographlquo  ou  sur  Tair  eal 
tr^s  faible,  de  iorte  que  Vou  ne  pout,  par  les  metbodes  pr^oodeutes, 
avoir  uue  idee  eiaote  de  leur  inteusite.  Si  Ton  interpose  sur  leur 
trajet  un  ecran  trSs  absorbaut,  Us  le  traveraent  parttoUement,  mais 
ils  B'y  transforment  en  partie  eu  rayons  plus  absorbables.  Cette 
transformation  rappelle  cello  de  la  fluoresoencef  et  par  suite  de  Pactioii 
secondaire,  I'eflfet,  itnmMiatement  derri^re  T^crau,  est  plus  fort  que 
81  oelui  oi  n'existait  pas.  Une  plaque  pbotographique  recevant  le 
rayonnement  filtr^  au  travors  d'une  ©paisseur  de  plomb  de  I  cm, 
sMmpressionne  phis  sous  une  plaque  de  plomb  de  1  mm.  d^Spaisseur 
que  dane  les  regious  non  recouTerte  par  cet  6oran.  L^eprouve  ci- 
centre  (Fig.  15)  montr e  Teffet  du  rayonnemout  qui  sort  des  p&rois 
d^une  cuTR  de  plomb  apr^s  avoir  truvers^  5  &  12  millimetres  do  m^tal, 

Ces  ph^nomenes  secondaires  peuvent  rendr©  compte  en  partie,  dea 
apparences  d'ombres  port^ea  que  donucot  les  bords  de  tons  lea 
ecran s  plus  ou  motns  transparents  ploc^  sur  les  plaques  photo- 
grapbiques. 

Tons  les  faits  qui  riennent  d*Stre  exposes  sout  cxclusivemeut 
relatife  an  rayonnement  obscur  qui  traverse  les  corps  opaques,  les 
m^taui,  le  verro,  le  niica  ;  mais  il  ©lis to  un  pb^nom^u©  tout  different, 
ilont  lea  efiets  sont  arretes  par  le  vorre  et  par  le  mica,  et  aont  com* 
parables  h  ceui  quo  produirait  une  vapour  d'une  nature  partiouliST& 
Ce  ph^nom^ne  fut  il^couvert  en  1899,  simultautoetit  par  Mr. 
Rutberford  et  par  M.  et  Mme,  Curie. 

Mr.  Eutheribrd,  ea  ^tudiant  lo  rayonnement  du  tbortnm,  vit  qu'4 
cdt6  (le  la  radiation  tirdtnaire,  il  y  avnit  un  effet  produit  par  uue 
^<  ^mauntion/'  comparable  &  uue  BOrte  de  vapeur  tonisant  Tair.  Cette 
Emanation  ae  depose  sur  les  eorps^  prinoipalement  sur  les  corp« 
SIe4*tris^  negativement,  et  les  rend  m  omen  tankmen  t  radiu-actifa. 
Mr.  kutberford  tit  sur  oe  pb^nomdno  de  tr^s  interessautes  mesures. 
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^m  En  mtoe  temps  M.  et  Mtoe.  Cuiie  d^oonvTuient  que 
i'mBtienoe  ria  radium  loe  corps  devt^uaient  tempotuiremont  radio- 
•ctiis*  Ce  Q^eai  pas  I'effet  secondaire  decrit  plus  haut,  o'eBt  nn 
pt^nwiiftiMi  persistant  qai  dieparsit  aseez  lentemeat  a  parti  r  du 
oti  I'aciion  dn  radium  s  cosb4.  M.  Curie  a  appelo  ce  pbe- 
"  la  radio-aDtiTite  induitef**  ot  il  en  fit  uu  etude  tr^s  complete ; 
H  i  reeotmu  que  le  pb^nom^ne  uo  prodnit  avec  une  grande  intensity 
JAQs  im  eepace  clos,  que  TactiTite  indnite  est  la  mema  &ur  toUH  lea 
toi^  et  indepandante  de  1b  preBsion  a  Tinterieur  de  TetK^inte,  maig 
qae  TictiYiiitiQii  iie  ee  prodnit  pas  si  on  malDtieot  couftammeut  le  vide 
en  enlevaot  las  gaz  produita  ;  les  solatioos  dos  eels  de  radium  pro- 
ioiiait  le  pb^nomene  sveu  plus  d'iiateDBite  que  les  sols  sol  idee.  Les 
liqiddes^  Veau  de  cristalliHatioD  e^kaite  des  eels  ftctifs,  on  Teau 
•^fftree  d'ose  solution  active  pur  nne  membraue  semi-permeable  en 
Mliloide,  deviennetit  fortemeiit  I'adio-aotifs,  II  en  est  de  m^me  des 
■ft  Ces  corps  actiToe  prodnisent  les  Di4me«  effete  quo  lo  radinm  ; 
uiloiettent  on  rayonnenaeiit  p^netmnt  qui  traverse  lee  enveloppee  de 
iw»  qui  lee  contiennent,  ©t  rendent  cellee-d  lumineneee.  L'ttctivite 
iadiiile  Me  propage  de  prioche  en  proehe  dans  la  ga^  d'une  enceinte 
Ivfii^  m^me  an  travers  de  tubes  capiUaires  et  de  Hssures  imper- 
ttftiblaB ;  lea  csorps  s'aotiTent  d*aiitant  plus  que  le  volume  de  gass  qui 
iib  m  ngm^  de  leur  eurfaoe  est  plus  considerable.  Lee  corps  pbus^ 
l^ieteents  devienneiit  lumLueux  on  s^activaut 

BftUi  un  recent  travail,  MM.  Elster  ot  Geitel  ont  rocDunu  que 
IW  fttmospberiqne  pr^sentait  dee  proprietes  analogues  a  celled  des 
gis  M4iT^  et  M,  Geitel  a  pu  recuoillir  enr  dee  file  Electrises  nega- 
I       tiTfimeiit,  defl  traces  de  prodnits  radio-actifs.   La  cause  de  celte  radio- 
vctJTile  est  nn  probl^me  d'nn  bant  int^r^t. 

Eufin,  ij  est  nn  mode  remarquable  d'indnotion  qui  est  de  nature 
i  iQspirer  l^s  plus  grandes  reserves  dane  les  conclusions  que  Tou 

Eat  Wmuler  relativement  k  la  presence  d'dlemcnts  nouveaux  dans 
pi^parations  radio-activee.  Tonte  eubetance  insetive  que  Ton 
^^intitoiduit  dans  une  diMolution  d^un  ael  dVrauium  ou  de  radium,  et 
^■pBt  Ton  s^pare  ensuite  par  precipitation,  est  deveuue  radio-active^  et 
^H^nd  lentement  cette  radio-activite.  Ce  fait  a  d'abord  ^te  observe 
^nr  M.  Cujie  et  par  M,  Gieeel  qui  n  aiusi  activ6  dn  bismutb.  Aveo 
"^rttftnium,  une  traee  de  baryum  precipitee  a  I'^tat  de  sulfate  devient 
iiolablement  plus  active  qne  rur*nimn ;  le  bar  yum  ainsi  active 
a'emet^  conune  rnranium,  que  des  rajons  d^viables. 

Aprds  cette  pr6cipitation,  le  sel  d'uraninm  ramene  k  I'^tat  solide 
ol  moins  actif  qn^auparavant ;  ou  pent  m€me  accentuer  cet  afiaiblis- 
MBml  par  des  operations  eucceseives,  mais  les  produits  reprenneut, 
ftm  i  pen,  gponfcanement,  lenr  activite  premiere. 

L'a&ib]ii»»enient  temporal  re  de  Factivit^  4  la  suite  d*une  dis- 
ieltition  est  un  fait  gSueral  pour  les  eels  d'uraniuni  et  de  radiom. 

Avec  lee  eels  d'aotinium  M.  Dcbierne  a  communique  an  barynm 
nne  activite  tr^s  grande.  Le  barynm  active  pent  ee  separcr  du 
Imtjiuu  inactif  ^  il  se  fraotionne  comme  le  oblomre  de  baryum  radi^ 
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f^TQt  l0S  parties  lea  pins  actives  dt&nt  les  mmnB  eolnbleB  dang  Vea,n 
Qt  raoide  ohlorhydrique,  M,  nebionie  a  obtenu  ainsi  uu  produit 
miUe  fois  plug  actif  que  I'uratiiiim.  La  bat  yum  activ"^  se  coniporte 
done  ootnine  un  faui  nidium,  maie  il  diflfSre  du  radium  veritable  par 
TabBence  de  spectre  et  parce  qu^il  perd  80u  actiFit^  ayeo  le  tempti. 

Parmi  les  preparatioue  radio-aatiTee,  ub  grand  nombtc  pourraient 
^tne  defi  corps  aotivde.  Tel  est  le  caa  da  poloniiim  qui  est  Trai- 
Bemblablement  du  bismutb  aottve. 

L'uranium  et  le  radium  sont  caraot^risgs  par  leur  spectres  d'emis- 
flioDj  et  par  la  stability  de  leui  radio^aotiTit^*  L^acoroiBsemetit  spon- 
tan^  que  Tou  ob&erve  but  lee  eels  dSpos^s  des  dissolntioust  pouirait 
trouver  uue  eiiplicatiou  daua  un  pb^nom^ne  d'auto-inductiou  des 
molecules  actives  sur  lee  mal^nles  inactives  qui  leur  sout  assoeiSes. 

L'origine  de  Tenergi©  rayoun^e  par  lea  corps  radio-actifs  est 
tonjours  uu  6nigme«  Datis  I'bjpothSao  materielle,  11  ne  parait  pas 
iuvmlH^mblable  d'assimiler  le  ph^nomene  h  revaporatton  d'un  corps 
odorant,  do  comparer  remanatton  4  une  soriie  de  gaz  dont  les  mole- 
cules auraient  des  masses  de  Tordre  de  grandeur  do  calles  dee  ions 
electrolyttquas,  et  d'identtfier  le  rajonnement  a  des  rayons  cathodiques 
provenant  de  la  dislocation  de  oes  iuns  et  donnant  on  m^mo  temps 
une  Amission  de  rayons  X,  On  imputerait  ainsi  la  deponso  d'anergie 
a  la  dissipation  de  la  matiere  active.  Bien  que  oetto  b^potbSse reude 
a  pcu  pros  compte  do  la  plupart  des  faits,  il  n'existe  aucune  exp«' 
rienco  precise  qui  lui  donno  une  sanction, 

Je  no  puis  m'etendre  plus  longuement  sur  co  sujet  dont  j^ai  resume 
tres  inoompletcment  I'etat  actual,  en  luaistant  sur  la  partie  pbysique 
qui  est  plus  specialemeut  de  mon  domaine,  et  bien  que  la  partie 
chimique  ait  danne  lieu  k  des  travaux  du  plus  baut  int^rSt. 

Cos  questions  out  fait  naitre  des  apergus  ticuveaux  sur  lea  trans- 
formations do  la  matiere.  En  dehors  des  conditions  exceptionelles 
dans  lesqueiles  olios  pormottent  d'etudier  lee  rayons  cathodiqueSf 
elles  ont  souleve  et  souUvent  chaque  jour  dee  probl^mes  nouveanx, 
dont  le  premier  ot  le  plus  mystdrieux  est  la  spontan^ite  du  rayoune- 
ment. 

[H.B.] 
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WEEKLY    evening;    MEETING, 

Frid&y,  March  21,  1902. 

GlOMS  Matthbt,  Eaq.  F.E.S.  Vice-President,  in  the  Chair. 

GiHxiMaATB  PaorKSSOB  Otto  N.  Witt,  Ph.D.  ¥.0M.,  of  Berlin. 
J3e««fif  DcpfJopmenU  in  CcIouring-MaUeri, 

Tai  love  of  colour  is  innato  in  the  human  mind,  and  this  alone,  if 
Mtiuag  else,  would  be  snlBciatit  to  account  for  the  internet  with 
lUib  tbo  ooal-tar  colour- indostry  bae  met  from  its  boginniug*  In 
^^mA  Afpeeiallf  its  progrese  bae  beeo  watched  with  great  at  ten* 
lioe,  and  omj  two  days  ago  the  Vice-Patron  of  this  lust  i  tut  ton,  His 
loftl  Higbuees  the  Prince  of  Wales,  has  shown  bj  gome  remarks, 
wdt  in  bis  Opening  Address  of  the  New  Technical  Institute  at 
Boihey,  that  the  interest  taken  in  tbia  subject  has  in  no  waj  abated. 

Artifieial  colon  ring-matters  have  formed  so  often  the  subject  of 
■oro  or  leoB  |K>pul&r  lectures,  and  this  eul^ject  has  been  treated  with 
laeb  ibOitj  %  eminent  scientiats,  that  it  becomes  difficult  to  Bhow 
tMi  doma-m  of  cbemistry  in  a  light  new  and  interestiog  to  an  ati- 
JMBfia  attcli  aa  I  baye  to*day  the  honour  to  addregs.  Many  yoars  ago 
pa.  hAT«  mem  in  tbia  room  the  early  aohletementa  of  tho  newly < 
enMted  iadns^y  marrellous  for  their  beauty  and  brillianoy.  Later 
m  tbe  ]>rogTeeii  of  tbia  industry  baa  been  duly  recorded*  More  re- 
eatty  vtill  it  baa  become  the  custom  in  this  country  to  yiew  colour- 
tBiJobg  not  60  much  from  its  chemical  or  induatrial  dde,  as  from 
,1km  itftcdpoint  of  the  natioual  economist,  who  contemplates  tho 
produced  by  industrial  enterprise,  and  iuTeatigatet  ibe  reasons 
tlytiiflse  vmliids  ahould  be  uneTenly  distributed  amongst  the  difTerent 
■trrdiig  aide  by  side  for  progress  and  engaged  io  friendly, 
yet  none  the  less  eager  competition. 

I  may  say  at  onco,  that  I  haye  no  intention  to  treat  my  subject 
faun  either  of  these  points  of  Tiew^  I  take  it  for  granted,  that  every- 
body is  acquainted  with  the  marrelloiiH  variety  and  brilliancy  of 
fcftificial  dye-stuffis,  and  I  am  too  much  of  a  chemist  and  too  little 
erf  an  eooQomifit  to  offer  any  original  or  valuable  view  about  that  side 
of  Ihc  question  which  I  have  just  mentioned.  But  I  shall  make  an 
tltompt  to  trace  in  this  lecture  the  indacnce  of  tho  deyelopmeut  of 
tbMiretioal  chemistry  on  tho  progress  of  tho  colour  indmatry*  If  in. 
m  dcing,  I  sbonld  refer  now  aud  then  to  theoretical  points  without 
hmis  Me  to  oxplaiit  tbem  in  detail,  I  hope  to  bo  forgiven. 

£  begiMniiig  this  lecture  allow  me  briefly  to  refer  lo  tbe  history 
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When  1  received  from  Sir  William  Crookes  the  flattering  invita- 
tion to  speak  before  jou  thie  ovcuing,  my  thoughts  uaturallj  wanderod 
bkok  to  «otue  reool lections  in  connection  with  this  Infititution.  I  ro- 
metiiberod  TiTidlj  eoToral  brilliaut  lecturofl  to  which  I  had  the  privilege 
of  listening  in  this  nmrn,  wLere  the  Bpirite  of  Davj  aod  Faraday,  of 
Graham  and  Huxloj,  of  WUrtiS  and  of  my  immortal  friend  A.  W.  von 
Hofmann  secra  still  to  be  LoTering.  I  felt  loth  to  raia©  my  own  voice 
in  Buch  hallowed  prccinctt*.  Bat  then  1  also  remembered  an  almost 
forgotten  opisode  in  my  own  life,  which  X  ask  your  permiseioti 
to  tell. 

I  remombet^d,  that  almost  exactly  five-aud-twenty  yoais  before 
receiving  this  invitotion,  I,  then  a  very  young  chemiet,  bad  read 
before  the  Cliemical  Society  of  London,  a  paper  containing  a  then 
somewhat  daring  speculation  on  the  connection  of  the  constitutiotk 
of  colouring-matters  with  their  properties^  a  paper  which  the  PuhH- 
catioo  Cummittee  refused  to  print  A  lively  discussion  followed, 
which  waa  wound  up  by  some  encouraging  remarks  from  the  presi- 
dent, the  late  Mr.  Pe  la  Hue.  Re  said,  that  he  hoped,  that  this 
fipectjlative  paper  would  prove  useful  in  clearing  up  the  complicated 
domain  uf  culourlng-matters,  and  that  perhaps  on  some  future  occa* 
sion  I  should  be  in  a  position  to  place  before  tbe  world,  in  a  Bo^l 
Instituiioji  ledurej  the  results  which  had  been  obtained  by  its  help. 

This  Strang©  reminiscence,  coupled  with  tbe  cui-ious  fact  that 
Mr.  De  la  Rue  b  prophetic  words  were  fulfilled  jnst  when  the  period 
commonly  assigned  to  a  Jubilee  bad  elapaed,  gave  me  the  courage 
to  accept  Sir  William's  kind  invitation.  For  though  I  have  done 
comparatively  little  towards  the  increaBe  of  our  knowledge  of  colouring- 
matters,  the  five-and-twenty  years  past  have  enfficed  to  ahed  a 
brilliant  light  on  what  Mr,  De  la  Hue  could  then  justly  call  a  very 
imperfectly  known  domain  of  chemistry,  and  innumerable  facts 
brought  to  light  during  this  period  by  a  whole  army  of  assiduous 
workers  are  now  by  common  assent  being  classified  under  a  theory 
which  is  neither  more  nor  Icbs  than  ^e  suggestions  contained  in  that 
rejected  paper  of  mine,  which  I  had  fortunately  published  in  another 
jouraaL 

I  may  add,  that  I  have  b«en  guilty  in  later  times  of  another 
theory,  which  refers  to  the  domain  of  dyeing,  and  which  has  still 
many  opponents.  This  theory  is  the  direot  outcome  of  the  tbeoiy 
of  colouring' matters,  and  may  be  illustrated  by  some  simple,  yet 
striking  experiments,  some  of  which  I  intend  to  show  yon, 

A  fundamental  question  in  the  chemistry  of  dye-stnfl^^  and  mie 
not  at  all  easy  to  answer,  is  this :  "  What  is  a  dye^tutf  ?  "  Clearly 
it  IB  someUiing  totally  different  from  a  substance  only  endowed  with 
the  power  of  selective  absorption  of  light,  a  power  which  causes  it 
to  appear  coloured.  We  know  now  that  there  are  more  substances 
in  creation  which  possess  this  power  than  bodies  which  lack  it  In 
this  very  room  we  have  learned,  that  the  air  itself,  tb rough  which 
the  solar  rays  penetrate  on  to  the  surface  of  the  earthy  is  blue  and 
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^  ocilaftrlees,  as  we  med  to  tbiBk.    Bnt  eTon  if  we  leftve  out  of  tlie 

^OMt^an  duch   Caintly  oolaurod  aabitancee  m  ftir  aod  water,  if  we 

itfetnct  our  oonfii deration  to  oompoonds  endowed  with  a  very  iatense 

^«ei  of  aeleotiTe  Abaorption  and  at  the  same  time  eolable  in  the 

witer  wbich   we    employ  for   preparing   our  dye-baths,   we  do  uot 

mifft  yet  a.i  the   true   defitiition   of  the   dye-stuET,     Cuprio  saltB, 

lolohle  ohromaiee  and  many  other  intengely-cnLoured  bodies  are  no 

Ije-ibi'Sst  as  may  bo  easily  Bhowii  by  experiment,     1fet  these  com- 

fmrnds  pemetrate  into  the  interior  of  textile  fibres  whieb  are  immersed 

kto  their  solution.  They  mast  do  so,  aocordiug  to  the  laws  of  Osmose 

m  ibly  expounded  by  Thomas  Gnipbam,  becanse  they  are  orystalloids 

•nd  the  fibres  are  inTariably  colloids. 

We  know  now  that  the  laws  of  Osmose  are  identical  with  the 
Ik*!  fffiYerning  aolntien,  and  that  crystalloids  are  able  to  wander 
lata  the  interior  of  colloids  because  they  are  soluble  in  their  sub- 
ilHioap  Osmotic  processes  may  be  obserred  between  two  liquids 
vbich  cannot  be  mixed  with  each  other,  just  as  well  as  between  a 
hqnid  and  a  colloid  immersed  into  it.  Oonseqaently  we  are  justified 
k  wrnming  that  the  same  powers  are  at  work  in  both  caaae. 

In  my  first  experiment  (Elxp.  I.)  *  1  intend  to  show  you  that  a 
oyifcaUoid,  dissolved  in  some  liquid  ench  as  water,  and  brought  into 
eooftMit  with  another  liquid,  not  misoible  with  the  first,  such  as  ether, 
vOl  either  remain  inditferent  to  the  ether  altogether,  or  it  will  lea  to 
fbB  vster  and  wander  into  tbe  ether,  or  it  will  be  distributed  accord- 
lag  to  a  certain  ratio  between  the  two  sol  yon  t8.  In  this  latter  case 
««  have  reason  to  beiieve  that  a  constant  interebango  of  molecules 
lyces  place  between  the  two  solations.  Clearly,  this  will  only  happen 
if  there  exiais  no  great  difference  in  the  solubilities  of  the  crystalloid 
in  water  and  in  ether.  In  that  case  the  water  will  continually  abstract 
oearly  as  many  molooulea  of  the  orystaUoid  from  the  ether  as  the 
latter  wiU  take  up  from  the  water,  and  thus  an  equi Librium  will  be 
mehed.  If,  on  the  ether  side,  there  is  a  great  dissimilarity  in  the 
«hMiity  of  the  orystftlloid  in  the  two  solTents,  then  this  process  of 
■stoal  interchange  will  become  so  one-dded  that  it  practically 
«OQntB  to  the  alieorption  of  tbe  whole  of  the  crystalloid  by  one  of 
tb  solventa. 

Hy  secotid  eiperiment  (Exp.  II.)  |  is  a  more  striking  illustration 
af  ihme  faudameutal  facts.  If  we  mix  together  two  coloured  solu- 
tiong,  one  an  aqueous  one  of  a  substance  much  more  soluble  in  ether 
tka  in  water,  and  the  other  an  ethereal  one  of  a  substanoe  more 
Klnble  in  water  than  in  ether,  then  the  two  solutions,  on  shaking, 
ttbagB  eolour,  and  their  shades  are  reversed. 

*  Delaatt  of  experiment :  An  aqueaud  eolutlQn  of  iiia|;enta  does  not  field  its 
«l0ii^g4aalter  to  ether-  indophanol, on  tLe  contriLry/i«  eotirelf  taken  itp  by 
^bm,  TlM  dj#«taff>  which  is  partly  taken  up  bj  etber,  U  cdea  a  mem  bar  of  the 
iido|iliaiol  jERPiip»  the  constitutioQ  of  which  ia  nol  yet  fullj  eatabUsJied. 

t  the  ttoenal  •olutiou  lued  ffontained  miig«ata  aoeiaie^  wJiilat  tha  aqueous 
«a  «M  prepan^  with  triohlftm-itidophaiioL 

VoL,xm  (No.  %,)  s 
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Aooording  to  my  theoiyi  the  proaeaa  of  djetng,  oonsidered  bo 

problematical  hy  many  experts  in  this  ancieiit  and  naeful  art,  in 
ettktiy  »nalogqus  with  thU  wandering  of  molc^nleB  governed  by  the 
lawfi  of  solution,  wbicb  we  oan  ao  easily  obser?d  imd  eontrol  in 
operating  witb  two  non-mtscible  liquid  aolventa. 

In  my  next  experiment  (Eip,  III.)  *  we  see  that  a  dye^tufT wanders 
from  the  bath  on  to  the  fibre  in  much  the  same  way  ae  it  wandered 
from  water  into  ether.  And  if  the  fibre  be  previouBly  dyed  with  a 
oolonring  matter  little  soluble  in  its  subetance,  then  tbie  may  be  ex- 
pelled  ind  replaced  by  another  of  greater  solubility.     (Exp.  IV.)  * 

We  see  now  that)  in  order  to  become  a  dye-stuff,  a  Bubstauce 
mu&t  not  only  be  BO  intensely  coloured  that  it  can  oommumcate  ita 
own  sbade  to  eoIourlesB  substances  holding  it  in  solution ;  it  mnst 
not  only  be  soluble  in  water  or  aay  other  liquid  suitable  for  pre- 
paring a  dye-bath  ;  but  it  must  alyo  be  eoluble,  and  even  much  more 
soluble  than  in  water,  in  the  colloid,  which  forms  the  substance  of  the 
te:i:tile  fibre.  The  finished  dyed  fabric  is  nothing  more  nor  less  thaa 
a  solid  Bolntton  of  the  dye-stuff  in  the  substance  of  the  iibre,  nnleta 
there  aru  Beoondnry  chemical  influenoeB,  such  as  that  of  the  mordants, 
at  work,  which  change  the  solution  into  a  snapeoBLon  by  precipitating 
the  dye-stuff  after  its  immigration  into  the  fibre. 

This  peculiar  combination  of  solubilities  is  ver^  rarely  met  with 
amongst  the  coloured  substances  of  an  ati organic  nature.  In  the  vast 
domain  of  organic  compounds  of  the  aliphatic  series  w©  meet  with 
very  few  dye-stnSs,  because  its  members  are  moatly  coloorless,  or  but 
very  faintly  coloured.  In  the  aromatic  series,  on  the  contrary,  the 
power  of  selective  absorption  of  light  is  so  very  frequent,  that  it 
would  bo  very  curious  indeed  if  jnst  that  combination  of  solubilities, 
which  is  the  making  of  the  dye-stuff,  were  not  of  common  oeenr- 
rence*  Taking  as  a  basis  the  universally  admitted  axiom,  that  the 
physical  properties  of  every  compound  are  direct  fnnctiona  of  its 
molecular  constitution,  we  may  easily  believe  that  that  peculiar 
combination  of  golubilities  which  I  have  shown  to  be  the  character- 
istic feature  of  the  dye-stuff,  would  he  the  result  of  certain  general 
conditions  fulfilled  in  the  constitution  of  many  members  of  the 
aromatic  group.  My  theory,  proposed  five^and- twenty  years  ago,  wae 
nothing  else  than  an  attempt  to  aMcertain  theBo  general  conditiouB 
by  invoBtigating  the  coustitutioual  peculiarities  of  all  thoe6  dye- 
stu^  the  constitution  of  which  had  been  fully  established  in  those 
days. 

I  hare  no  intention  to  tax  your  patience  by  explaining  in  delail 
the  results  of  that  old  investigation.  It  wiU  be  sufficient  to  snm* 
marise  them  by  saying  that  in  the  molecule  of  every  colonring 
matter,  the  oonstitution  of  which  has  been  ascertained  to  this  day 

*  In  Exp.  11 L  wool  T^  djred  with  eiythrottQa  In  the  ordloAry  waj,  whOit 
in  Bip.  IT.  a  eoitoa  doth,  previoudy  dy^  with  p&toat  blue,  wia  tre«ted  in  a 
bftth  of  OoDgo  red. 
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(tsA  t2L€Te  axe  mjbsij  tboQiiatids  of  tHem),  certain  atomic  oonetella- 
Ucm&bicTe  beeu  obBerved  which  seem  to  be  eBeential,  smd  of  wMch 
ilv%^t  two  mxuit  be  preeent.  One  of  these  constallatiotis  is  a  group 
rf  itoms,  wbich  is  the  cauae  of  the  selective  abeorptioB  of  Hght 
Thit  group  of  atoms  I  call  a  chromophore.  The  number  of  atomic 
ponpi  foidowed  with  ehromophoric  properties  n mounts  at  preeont  to 
ikil  %m^  dosen,  and  Im  boing  constaiitlj  increased  by  the  progreeg  of 
ihmklil  taeoWPch.  AU  the  cbromopborea,  however,  have  that  in 
mnm^  that  tbey  ato  iiDable  to  exert  their  inflnenoe  unless  they  are 
Idfid  bj  tb^  presence  of  another  group  of  atomg,  whioh  I  call  tho 
madftmde  groiip>  Very  few  aujtochromio  groups  are  known,  and 
titf  belong  to  uioee  which  occur  most  freg^uently  in  the  whole 
loBam  of  or^iiio  chemistry — the  amino  group  in  its  varioos  fonns^ 
tbi  hydTOxyl  group  occurring  in  all  the  phenola^  the  sulpho-  and 
^  earboiyl  group.  None  of  these  will  cause  a  substance  to  become 
ft  dyenfttaff  nnlesit  this  dubstHnce  also  contain  a  chromophore.  but  the 
laHer  is  equally  helplees  if  deprived  of  the  aeaistauco  of  the  auxo- 
ihroaie  group.  Thu«  we  meet  in  the  molecular  world  that  condition 
flf  tba  iieoefiiitj  of  mutual  help  and  afisiBtance  between  two  hdtero< 
ftoaooa  forms,  which  we  can  also  trace  in  Sociology,  a  fact  the  ©stab- 
MihineDt  of  which  wtU  no  doubt  be  greeted  with  satisfaction  by  tb© 
kdiea  in  this  audieuca 

Our  ideas  on  the  nature  and  constitution  of  those  groupg  whick 
may  act  as  chromophores  have  of  course  undergone  many  changes, 
Undoubtedly  there  must  esist  a  law  which  governs  the  formation  of 
«fenHDopboric  groups,  but  so  far  this  law  bas  not  been  definitely 
WIlMiiilu  (1  Some  progress  has,  however,  been  made  towards  this 
mL  At  Sfst  the  chromophores  which  we  had  gradually  collected 
ratber  a  motley  crowd,  and  seemed  to  have  no  points  in 
At  pieseut  obemists  working  in  this  domain  are  inclined 
IPiltHbut«  aquiuoid  structure  to  the  great  majority  of  colouring- 
^ittftfl  If  this  view  be  correct,  then  all  these  substances  would  be 
Mflliv^,  not  of  benzene  and  its  congeners,  but  of  hydrocarbons 
mteliung  two  hydrogen  atoms  more  in  their  molecule,  derived  from 
filf^beuxene  as  a  prototype.  As  sometimes  it  is  almost  impossible 
todMde  in  fiivour  of  one  viewer  the  other,  the  oonvenieut  hypothesis 
d  tetoinerism  waa  resorted  to,  but  in  some  cases  we  have  been  able 
tBiflibllsh  definit^^ly  the  quinoid  formula,  Buob  is  the  ca^e  with 
tba  large  and  briliiautly- coloured  group  of  dye-stuffs  called  phtaleinee, 
tbieb,  tooordjjug  to  modern  view»  must  be  eoneidered  as  quinoid  de- 
rintlTQg  of  benzoyl  benzoic  acid«  The  experiments  which  lead  to 
tlui  ooadnaion  are  so  striking,  that  I  cannot  refrain  from  producing 
^  of  ihmOt  which  has  never  been  shown  yat,  though  the  time  at 
i;rdl90«d  dodBUOt  allow  its  eiehELUstive  discussion  from  a  theoretical 
?W  it  mw.  If  we  dissolve  the  well-kuown  pheuolphtaLeine  in 
abydrrai  eUt^r  containing  snmu  ammonia,  the  solution  is  perfectly 
Worteaa,  bat  if  we  add  ordinary  water  to  this  solution  (Exp.  V«),  it 
a  beautiful  red  coloration.     This  peculiar  fact  that  water 
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done  is  saffioiant  to  osti»Q  the  formation  of  this  colomT  is  perfectly 
incomprehetifiible  if  ihe  old  Tiews  on  tbo  oonatitnlion  of  phtalemeSj 
which  are  still  given  in  the  majority  of  text-booke,  be  adhered  to,  Ijnt 
it  is  exflctly  what  we  might  expect  to  happen  if  we  ftssame  th^t  the 
ammonium  salt  of  phenol phtaleine  possesses  a  cjoloid  conetitntion  in 
its  ethereal  solution,  and  that  it  is  isomerised  into  the  qmnonoid  form 
hy  the  addition  of  water.* 

Thus  our  knowledge  of  the  chemical  causes  of  the  physical  pro- 
pertios  of  colourtng-mattera  is  continuonsly  developing.  Quite  lately 
we  have  even  begnn  to  form  definite  views  about  the  connection  of  the 
chemical  constitution  of  aromatic  substances  with  that  peculiar  form 
of  selective  absorption  of  light  which  we  call  Enorescouce,  and  which 
has  formed^  from  the  physical  point  of  view,  the  subject  of  the 
masterly  investigations  of  Sir  Gkbriel  Stokes.  The  phenomenon  of 
fluorescence  is  vury  frequently  met  with  in  dye-stud's,  and  in  the  mw 
materials  used  for  their  mannfaotnre.  It  can  be  exhibited  in  a  vefy 
striking  way  with  the  help  of  electricity,  either  by  all  owing  an  arrow 
of  electric  light  to  penetrate  into  the  solution  of  a  flnoreecent  sub- 
atanoe  or  by  working  a  Geissler  tube  of  suitable  shape  submerged  in 
such  a  solution  (Exp.  YI.).  The  fact  that  the  fluorescence  of  many 
substaDcoB  is  chiefly  caused  by  the  ultra-violet  light,  I  ahaU  try  to 
demonstrate  by  the  following,  somewhat  delicate,  experiment :  I  have 
here,  submerged  in  a  solution  of  eosine,  a  Geissler  tube^  the  lower 
part  of  which  is  ground  oat  of  a  piece  of  rock  ci^stal,  whilst  the 
upper  half  is  made  of  glass.  When  the  electric  current  paeaos  this 
tube  the  fluoreeceuce  round  the  quartz  part  of  it  is  stronger  than 
that  in  the  neighbourhood  of  the  glass,  because  the  latter  absorbs  a 
good  deal  of  ultra- violet  light,  whilst  the  quartz  is  almost  free  &oin 
such  absorption-     (Exp.  VII,) 

An  immense  amount  of  patient  work  has  been  aecomplished  by 
many  chemists  in  the  hope  of  establishing  definite  views  on  the  oon* 
stitution  of  the  a2o-oolonrs,  that  group  of  dye-stuff's  the  introducUoa 
of  which  into  the  colour-industry  was  the  direct  consequence  of  our 
early  efforts  to  cast  off  empiricism,  and  to  conduct  onr  search  for  new 
colouring-matters  according  to  definite  scicDtiflc  principles.  Simple 
and  transparent  as  the  constitution  of  azo-colonrs  appears  to  be  ^ 
viewed  auperfioially,  yet  it  ofers  some  problema  of  extraordinazy 

*  The  fgomoriBm  of  the  two  fbrtos  of  the  ammamum  salt  of  phenolphtaleiii^ 
u  beet  eipl&m^  by  their  oonBtitutional  fonxtnliB : 
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difiailtf,  whieh  h^w^  not  been  solved  bo  far.  But  fortuoately  these 
diiEcultlee  hmye  in  no  w&y  interfered  with  the  teohBJcal  deTelopment 
ol  Uik  luuily  of  dye^etn^  which  hae  been  for  a  whole  qimrter  of  « 
imtary  one  oon tinned  and  unparalleled  aeries  of  BncceBsea*  The 
{■ooeas  for  prodacing  these  dje-Btufis  is  of  the  greatest  eimplicitir. 
It  oonaUts  in  pouring  together  (Eip.  VIII.)  cold  aq^iieous  solutions 
Of  saspcmfiiona  of  diii£OH>on]ponnds  and  phenols  or  amines*  The 
dye-stnfif  is  formed  at  once  in  a  state  of  abeolnte  purity,  and  mth  a 
peld  absolutely  theoretical  ]  it  need  only  be  collected  and  dried  to 
fmn  a  aaleable  product.  No  wonder,  then,  that  these  dye-Btu^a 
liadnallj  became  the  leading  ones,  and  to  a  great  extent  superseded 
^  old  empirical  products  which  were  concocted  in  many  oompli- 
ated  operations,  with  yields  very  far  from  aatigfactory.  As  the 
nmber  of  diazo-com pounds  and  of  phenols  and  amines  at  our  dis^ 
poial  ifl  very  large,  the  number  of  dye-stufEs  which  may  thus  be 
pepar^  ia  quite  extraordinary  ;  it  has  been  computed,  accordlug  to 
oe  rnles  of  permutation.  3,159,000  different  individual  dye^tuffs 
hsfe  lihus  been  proved  to  be  at  present  easily  accessible  to  our  in- 
dortrj.  Of  these  at  least  25,000  form  the  subject  of  German  patent 
ttoe^cations  and  of  corresponding  specifications  in  England,  Frfmcep 
w  United  States,  and  other  countries.  Over  fire  hundred  are 
ngaMrly  manufactured  on  the  larger  scale. 

The  prolific  nature  of  the  azo^olour-reaction  explaine  the  fact, 
thftt  in  this  group  we  can  choose^  much  better  than  in  any  other, 
mWtances  possessing  that  ratio  of  soluhilitieB  in  water  and  in  the 
ooUoid  substance  of  the  various  textile  fibres,  which  we  require.  We 
QBZi  produce,  quite  at  will,  azo-dye-stuffs  which  dye  wool  or  silk  or 
ootlOD,  which  dye  slowly  or  quickly,  which  will  stand  soap  or  acid 
or  ftllali.  This  possibility  of  adjusting  the  chemical  properties  of 
iy0*«tit£Es  with  an  almost  mechanical  precision  has  been  the  cause  of 
tm  of  the  greatest  successes  of  the  colour- industry,  the  introduction 
tf  what  is  now  known  under  the  name  of  **  substaDtive  dye-stuffs^" 
■  ixpreeeioa  which  means  dye-stuffs  that  will  dye  cotton  and  other 
f^pteble  fibr«^  from  a  simple  aqueous  dje-batb  without  the  U6e  of 
tty  mordant.  The  difference  of  the  solvent  power  of  cellulose  and 
fll  water  is  for  the  vast  majority  of  dye-stuffs  so  small,  that  the  pro- 
Mii  of  dyeing  vegetable  fibres  with  these  ordinary  colouring-matters 
»a  iinly  be  compared  to  that  case  of  the  joint  cwstion  of  ether  and 
^_  V4t€f  on  some  substance  soluble  in  both  these  solvents,  where  an 
^P  ilmtJit  equal  division  of  this  substance  takes  place  between  the  two 
^P  iolfents.     8uch  cases  exists  as  you  saw  in  the  first  experiment.     It 

■  MiOfrngst  the  azo-dycs  that  we  have  found  compounds  which  are  so 

■  adcIi  more  soluble  in  cellulose  than  in  water,  that  they  readily  leave 
^^  tlidi  aqueous  solution  and  take  up  their  abode  in  the  fibre.  And  we 
^k  ^n  not  only  found  these  dye-stuffs  but  also  the  law  which  governs 
^H  %taeel  valuable  abnormal  solubility:  it  appears  in  all  azo-colours, 
^H  •Well  »w  prepared  with  diazo-com pounds  derived  from  symmetrical 
^B  pUi^diimineft.     A  novel  and  extremely  fertile  field  for  a  sjtjtt3niat,io 
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fiearoh  for  new  dye-stnffs  w&b  thtte  opened,  a  field  wMoh  h^B  oocapied 
hand  red  8  ef  btiej  workers  for  waqj  jeare,  m^nj  of  irhoin  carried 
home  a  rich  reward. 

But  whilst  this  field  here  its  rich  harrest,  others  were  by  no 
moana  neglected.  The  search  for  dye'Btufi*8,  which  will  dje  cotton 
without  0,  mordant,  could  not  make  ns  forget  that  Just  thoee  colour- 
ing-mattors  wbich  imperatively  demand  the  use  of  mordants  are 
those  wbich  from  times  immeiuortal  have  been  used  in  preference 
for  the  production  of  fast  and  lasting  shades.  The  brilliant  syDthesis 
of  aUssarino  by  Graebe  and  Liebermann,  which  made  the  world  ring 
with  admiration  early  in  the  geventieB,  had  given  us  ample  proof 
that  the  old  and  to  this  day  not  wholly  forgotten  axiom,  that  there 
are  two  kinds  of  dyes  i  natural  ones,  which  are  faet,  and  artificial 
onee^  which  are  fugitive,  was  a  preconceived  idea,  totally  devoid  of 
any  scieDtific  foundation.  The  enormous  financial  success  of  the 
alisarine  industry  formed  a  tempting  invitation  to  search  for  oth^ 
dye-BtufGs,  whicb,  similar  to  alizarine,  would  he  endowed  with  the 
power  of  forming  almost  indestructible  lakes  with  mordanta  of  a 
sesquioiydic  nature.  Here  tooj  like  everywhere  in  ecience,  we  have 
marched  for  some  time  on  the  paths  of  empiricieio,  hut  here  too 
logical  deduction  has  come  to  our  aid  in  disclosing  the  laws  which 
govern  the  formation  of  lakes.  Iti  this  case  it  is  not  (as  in  the  sub- 
stantive azo-dyes)  the  oarbonic  nucleus  which  determities  the  phymcat 
properties  (viz.  the  ratio  of  solubilities^  of  the  dye-stuff,  but  it  is 
the  peculiar  poeition  of  the  au^ochromic  groups  contained  in  the 
molecule,  which  govern 9  its  chemical  properties.  We  know  now, 
that  a  dye-fitufi'  must  contain,  in  order  to  be  able  to  form  lakes  with 
eesquioxydto  mordants,  two  hydroxy  1  groups  in  juxtapositiou.  If 
this  condition  be  fulfilled^  the  dye-stuff  will  dje  io  the  same  way  and 
with  equal  fastness  as  alizarine,  eveu  if  it  be  no  derivatLve  of  anthra- 
cene, like  the  early  alizarine  dyes ;  and  if  these  two  hydroxyl  groups 
or  a  suitable  equivalent  for  them  be  missing  it  wiU  lack  all  power 
of  dyeing  mordants,  even  though  derived  from  anthracene.  With 
this  law  once  established  the  synthesis  of  mordant-dyestuffii  became 
a  very  easy  matterj  and  to-day  there  is  hardly  a  group  of  colouring- 
matters  in  which  there  are  not  some  members  possessed  of  this 
peculiarity  and  owing  it  to  the  same  uniform  cause.  Still  the  group 
of  the  oxyketones,  to  which  alizarioe  itself  belongs,  remains  the  true 
home  of  mordantniyeg,  but  this  group  has  grown  to-day  into  a  very 
numerous  and  varied  one.  Mordant-dyes  of  every  shade  are  to  bi 
found  in  it,  and  cotton  is  no  longer  the  only  fibre  to  which  such  dyes 
are  applied.  It  is  a  fact  worthy  of  notice,  that  amongst  the  many 
dyes  of  this  class  which  we  now  possess  and  the  constitution  of  which 
is  fully  established  there  is  not  a  small  number,  the  molecule  of 
which  contains  three,  four,  five  or  even  six  hydroxyl  groups.  Yet 
this  inorea^a  of  auxocbromio  groups  does  not  influence  in  the  least 
the  behaviour  of  these  dyes  to  mordants,  this  is  only  governed  by 
the  two  hydroxyl  groups  m  urtho-poaitlon,  and  any  other  such  group 
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mtrodnood  into  the  znoleotild  onl^  changes  the  ebade,  not  the  eharao- 
teiitic  ebdmic&l  proportiee, 

A  gr^ler  T&ri«tj  still  thwi  hj  the  acbievetnonts  of  modem  eyn- 
work  will  come  into  this  gronp  of  mor44tit-djeu  hy  the 
of  the  elucidation  of  the  coastirution  of  the  natural  dye- 
oocnrring  in  roots,  bsrks  and  woods.  A  good  many  of  them 
lit  ttill  nnnolTed  mysteries,  but  there  can  he  no  donbt  that  they  owe, 
lifes  ilizmrine,  pmrp^iiue  and  the  other  madder  dye-«tiiffs,  their  pro- 
fert]f  of  dyeing  metallic  tnordsnts  to  the  presence  of  hydroxyl  groups 
m  ortbo-po^tioQ  in  tbeir  molecule, 

A  very  large  and  varied  group  of  colouring-matters,  which  for  a 
]img  time  resieted  all  attempts  at  unraTelling  their  constitution,  are 
tiv  SafiuiineA,  Kurhodinee^  Oiazines,  ThionineB,  Indulint^s  and  other 
•tted  groupa.  They  are  now  completely  undent  to  od^  and  have  been 
noognised  as  the  amino-  and  oiy-deri?atiires  of  certain  peculiar  sub- 
ilMoes  such  as  the  aziuea  and  azonium-baaefi,  the  molecule  of  which 
fomBmem  a  ring-etmeture.  Here  uo  longer  carbon  atoms  only  form 
Ibe  etoeed  chain^  but  nitrogen,  oxygen  and  eren  sulphur  atoms 
ptEtielpftAa  in  ita  structure  and  bring  about  the  peculiar  properties 
«f  ^e  componnds.  When  this  fact  was  at  first  ascertained  it  seemed 
It  for  the  explanation  of  the  behaviour  of  auch  compounds 
■|i  dyei*  It  was  only  somewhat  later  on  thai  we  recognised  that  in 
Hieee  eiasees  of  dye-stufis  especially  a  quinonoid  structure  is  essential. 
The  gn^test  and  most  brilliant  sncceas  of  the  chemistry  of  dye- 
itaft  is  kowever  the  indystrial  syutliesis  of  indigo.  This  oSbre  so 
feny  pointfi  of  general  interest,  that  I  am  sure  to  meet  with  your 
tpfroval  if  1  refer  to  it  in  some  detail. 

The  indigo  problem  is  oue  of  the  oldest  problems  of  chemistry. 
Wlien  Baeyer  took  it  up  more  than  thirty  years  ago  he  found  the 
pound  well  prepared  by  others  who  bad  worked  before  him.  But 
Ut  ii  the  merit  of  having  completely  elucidated  the  constitution  of 
Ifaw  estiordinary  product  of  nature.  He  and  others  have  also  shown 
Urioixs  methods  for  the  synthesis  or  artificial  production  of  indigo« 
Is  the  laboratories  artificial  indigo  has  been  known  for  the  last 
hmty  years. 

But  in  this  case  the  scientific  synthesis  of  a  natural  product 
imved  to  bo  by  no  means  identical  with  the  industrial  oue«  ludus- 
keial  methods  can  ooly  ent^r  into  competition  with  nature  if  they 
*Qrk  fiiore  eoonomically  than  nature  does.  In  the  case  of  indigo 
ftsve  tmmed  to  be  little  hope  for  fujfilliag  this  conditiou.  The 
IMfc  eEtthnsiastio  admirers  of  the  modem  synthetical  industry  could 
HAl  help  acting  that  all  evidence  in  our  hunds  went  against  the 
jmbability  of  the  practical  synthesis  of  indigo,  and  jnst  those  wbo 
most  of  these  things  could  least  of  all  close  their  eyes  tti 
It  oonld  not  be  denied  that  every  possible  syuthesis  of 
^hom  kziown  as  well  as  those  which  might  still  be  expected^ 
hi  to  itart  from  some  aromatic  derivative  of  benzene,  containing 
9Bft  mtbome  uid  one  nitrogenous  side-obain  in  orthu*position.     Of 
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ftU  the  prod  nets  at  out  dispoBat  which  falfil  that  conditioti,  ortho- 
nitro toluene  ia  the  moi^t  oiy^il^  aoc6ssible.  Kow,  taking  it  for  granted 
that  indigo  could  be  prepared  regnlarly  and  with  good  yields  horn 
orthonitro toluene,  there  still  remained  that  dif&cnlty,  tha,t  all  the 
toluene  produced  in  the  world,  ©Ten  if  we  euppose  that  all  the  oOier 
uses  to  which  this  hydrocarbon  ie  pat  at  present  could  be  sup- 
pressed,  would  not  suflce  for  the  production  of  the  world's  consump- 
tiou  of  indigo. 

If,  under  suoli  oiroumstancefi,  tlio  induetrj  of  artifieisl  dye-stnilk 
continued  to  work  at  the  indigo  problem,  it  did  so  mora  for  the 
general  interest  attached  to  it,  and  with  a  view  to  securing  aome  of 
the  finer  applications  of  indigo  in  printing,  than  in  the  hope  of  being 
able  to  compete  with  the  natural  product  la  the  great  conenmpttoD 
of  vat  dyeing.  If,  on  the  other  hand,  the  indigo  planters  in  the  far 
East  showed  but  small  apprehension  of  the  danger  of  which  they 
were  occnsionally  warned,  we  cannot  blame  tbera  for  it ;  they  had, 
no  doubt,  taken  the  advice  of  competent  people,  and  thefie  had  told 
them  what  was  correct  according  to  the  knowledgt^  of  the  time^ 

The  final  result  has  shown  all  the  calculationi  of  experts  to  be 
wrong,  but  in  such  a  way  that  they,  too,  can  surely  not  be  blamed  for 
the  error  they  committed. 

The  process  by  which  indigo  is  at  present  manufactured  on  a 
colossal  scale  by  the  Badische  An  ilia-  und  Soda-  Fabrik  in  Ludwiga- 
hafen  on  the  Rhine,  is  based  on  Heumaun'fi  synthesis  of  this  most 
important  dye-stuff,  which  consists  in  submitting  phenylglycine  to  a 
fusion  with  caustic  alkali.  Phenylglycine  is  prepared  by  the  action 
of  monoohloracetic  acid  upon  aniline.  The  yield  of  indigo  obtained 
is  a  poor  oue^  but  it  can  be  very  much  improved  if,  instead  of  phenyl- 
glycine,  we  take  its  orthocarbonic  aoid.  In  this  we  have  again  the 
presence  of  a  nitrogenous  and  a  carbonic  sida^hain  in  ortho-posi- 
tioD.  To  prepare  this  acid  we  should  have  to  start^  acoording  to  the 
ordinary  rules,  from  toluene,  transforming  it  by  a  succeesion  of  opsr*- 
tions«  Thus  we  come  again  to  toluene  as  a  starting-point,  and  to  the 
difBoulty  already  explained. 

There  is,  however,  one  somewhat  abnormal  process  of  preparing 
the  same  compound  from  phtalio  acid.  It  consists  in  oonverting 
this  into  phtatimide,  and  treating  the  latter  with  sodinm  hypo* 
chlorite.  By  a  somewhat  complicated  reaction,  the  nature  of  which 
need  not  be  explained,  one  of  the  carboxyl  groups  of  the  phtalic  acid 
IB  replaced  by  the  amido  group,  anthranilic  acid  is  formed,  and  this« 
if  tr^ted  with  monochloracetio  acid,  yields  phenylglycine-carbonic 
aoid,  which  has  proved  so  important  for  the  manufacture  of  indigo. 
Kow  phtalic  acid  is  prepared  by  a  powerful  oxidation  of  naphtha- 
lene, and  naphthalene  again  is  that  constituent  of  coal-tar  which  ie 
present  in  by  far  the  largest  quantity. 

It  is  true  that  the  process  for  transforming  naphthalene  into  phtalic 
acid,  which  was  the  only  one  known  at  the  time  when  all  these  facts 
were  first  revognisedf  gave  very  bad  yields,  and  was  at  the  same  time 
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eoaUf.  The  wliole  indigo  problem  stood  thus  rednced  to  the  problem 
of  InnBformiag  aapbtLaleno  cheaply  and  ccouonucallj  into  pbtalic 
•oi*  Tbia  haa  been  accompliBbed  by  the  Badisobe  Anilia-  uud  8oda- 
?ftbrik  by  beating  nApbthalene  with  fummg  Bulphuric  acid  in  the 
pnMDoe  id  mereury  salte,  Torrente  of  sulphur  dioxide  eeoape,  and 
tti  wbole  proc^  can  ouly  be  carried  out  properly  if  the  meaue  be 
giftn  Ui  concert  Hub  gas  again  into  fuming  Bulphuric  acid,  which 
Mj  be  t]«ed  again  foi-  treating  &eab  quautittea  of  the  hydrocarbon. 
Tbe  new  sal  pb uric  acid  proceee  of  the  Badieche  Aniliii-  and  Soda- 
faWi^  hae  thus  been  of  pammuunt  importance  for  the  working  out 
gI  tlie  indigo  problem. 

Bosmi  of  the  older  ayntbetieal  methods  of  prodncing  indigo  are  bo 
tmj  and  rapid  that  they  ean  easily  be  shown  as  a  lecture  experiment. 
H  for  instaxica,  we  add  a  caustic  potaah  Bolution  to  a  aolution  of 
llVliuiiiitrobeitisoic  aldehyde  in  ucetone^  indigo  la  formed  at  once  and 
HtUea  out  in  dark-blue  cryBtallinQ  flakes  (Kxp-  IX.).  The  synthesis 
BOW  in  practical  use  is  a  little  more  delicate  in  its  execution,  but 
ibwe  are  certain  modifications  of  it  which  are  rapid  enougb  to  be 
i^own  in  a  lecture  experiment  (Exp.  X.)« 

The  action  of  the  alkali  on  the  pbenylglyeine-carbotiic  acid 
does  not  at  once  produce  indigo^  a  colourlesa  derivatiTe  of  the  dye, 
indoxylcaxbonic  acid,  or  rather  ita  potash  salt,  is  formed  at  firsts  but 
il  «e  dissolTe  this  in  hot  water  and  introduce  a  current  of  air,  it  is 
it  onae  and  with  a  quantitative  yield  transformed  into  indigo  which 
Kettles  ont  in  the  shape  of  a  crystalline  deposit  of  infinitely  fine 
4ifist0tt.  This  is  collected  in  filter-preeaes  and  deUTered  into  com- 
is  the  shape  of  a  pagte  or  a  powder. 
Tbe  industrial  synthesis  of  indigo  ig  extremely  intoraeting,  be- 
it  is  a  triumph  not  whoUy  due  to  chemical  BciGuce.  Science 
hii  Bhown  the  way  to  success,  but  it  was  quite  unable  to  clear  away 
^  difficulties  arising  from  practical  and  economic  considerations. 
Bera  the  repres^ntatiTes  of  our  gieat  industry  had  to  advance  inde- 
pndently  and  on  paths  for  which  theoretical  know  led  go  could  not 
Mtn  them  as  a  guide.  Unlimited  praise  and  admiration  is  certainly 
4tB  Id  them  for  the  masterly  way  in  which  they  grappled  with  colossal 
ttenlties  and  for  the  courage  with  which  they  staked  millionB  on 
Cba  reali^tion  of  one  great  idea. 

At  the  same  time  we  cannot  help  feeling  some  regret  for  the 
ifidig^  planters  in  the  far  East,  who,  after  enjoying  more  than  a 
Qe&tAfj  of  easy  proBperityy  see  now  that  more  serious  times  are  in 
**oiB  for  them.  They  see  the  day  coming  when  the  indigo  planta^ 
ti«ai  trill  disappear,  in  the  same  way  in  which  tbe  madder  fields  of 
ATigncn  have  vani^ed.  But  we  are  consoled  by  the  knowledge  that, 
Oipeeially  for  India,  the  time  has  already  come,  which  bos  been  so 
^^Uf  dcflcribed  by  Sir  William  Crookes,  in  one  of  his  addresses  to 
•**«  British  Association,  as  the  future  in  store,  sooner  or  later,  for  all 
kuttinityj  the  time  when  bread  begins  to  be  scarce.  It  seoms  to  me 
wit  any  one  who,  by  bringing  abgut  some  great  oommeroial  reTola- 


log 


Oehmmraih  Profentor  Otto  N.  Witi  ptfarcli  91, 


tioD  BQcli  as  we  bare  eeen  in  the  indigo  trade,  caueefi  land  in  India  to 
become  free  for  the  growing  of  rioe  and  other  oereals,  renders  a  great 
serYico  to  large  nnmbers  of  poor  natives,  and  need  therefore  not  be 
blamed  for  lessemng  to  Bome  extent  the  prosperity  of  a  class  of  people 
wbo  have  had  an  nnueually  good  opportunity  of  accumulating  wealth 
in  the  past. 

It  is  a  strange  fact,  ttat  with  indigo  the  hifttory  of  the  fight  of 
the  mailder  root  against  artifioial  ali^antie  ia  almost  literally  re- 
peate<3  in  spite  of  the  great  diSerence  of  original  conditions  in  the 
two  cases.  Madder  was  a  product  containing  at  ita  best  only  4  per 
cent,  of  actual  colouring  matter  \  tho  rest  was  useless  fibre  and  ob- 
noxious impurities  which  greatly  hampered  the  dyer  in  his  work. 
Alizarine,  entering  into  competition  with  this  natural  product,  was, 
on  the  contrary^  the  colouring  matter  in  a  pure  atatOj  and  therefore 
not  only  cheaper  but  also  much  easier  in  its  application.  Xudigo« 
such  as  we  receive  it  from  India  and  Java,  ia  a  manufactured  article, 
the  best  qualities  of  which  contain  59,  60,  or  even  70  per  cent,  of 
pure  dye-etufii  besides  impimtieB  which  have  always  been  considered 
as  perfectly  harmless.  Thus  the  artificial  product  did  not  eeem  to 
have  much  scope  for  improTement  as  far  as  the  quality  came  into 
consideration.  Here  again  wo  have  committed  a  mistake.  We  know 
now  that  the  impurities  are  not  harmless^  and  that  the  blues  dyed 
with  artificial  indigo  are  quite  as  superior  in  brightness  and  purity 
of  shade  to  those  obtained  with  natural  indigo^  as  alizarino  rede  were 
to  madder  reds.  This  has,  however,  not  always  proved  to  be  an 
advantage  for  the  manufacturers  of  artificial  indigo.  The  world  does 
not  ask  for  bright  indigo  shades,  and  a  good  many  prejudices  in  that 
respeot  had  to  be  overcome  before  artificial  indigo  was  admitted  as  s 
legitimate  substitute  for  the  natural  product  in  some  of  its  most  im- 
^Kirtant  applications.  Tet  a  simple  consideration  will  show  that  it 
is  always  easy  to  deteriorate  the  brilliancy  of  a  dyed  shade,  whereas 
no  art  of  the  dyer  will  suffice  to  produce  brilliant  shades  on  textile 
&bric8  with  dye-stufis  that  carry  their  share  of  dirty  admixtures 
within  them. 

In  its  appLicatiou  to  the  fibre,  indigo  is  perhaps  the  moat  remark- 
able of  all  dye-stufila,  for  it  i^  the  principal  representative  of  that 
extraordinary  claes  of  colouring -matters  which  muet  be  applied  by 
the  vat  prooess.  This  process,  which  consists  in  first  reducing  the 
dye-Btuff  into  a  leuco-com pound  before  applying  it  to  the  fibre,  on 
which  the  original  colouring-matter  ie  formed  again  by  the  action  of 
the  oxygen  of  the  air,  Bcems  to  have  nothing  in  common  with  the 
ordinary  dyeing  processes.  If,  however,  we  consider  it  moro  closely, 
we  come  to  the  conclusion  that  vat  colours  are  a  class  of  dye-stuffs  in 
which  the  functions  of  dyeing  and  of  selective  absorption  of  light 
are  distributed  on  two  difi^rent  forms  of  the  substancCi  one  of 
which  contains  two  atoms  of  hydrogen  more  in  its  molecule  than 
the  other 

This  theory  ia  supported  to  some  extent  by  the  fact  that  what 
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we  u«  ple««ed  to  call  lencocompotmde^  are  in  the  majority  of  mses 
bj  no  loetiiB  colouflesa.  Indigo-white  itself  is  not  white  bat  yellow 
JR  its  ftlkalme  Bolntion  whioh  we  call  a  Tat>  Otber  Tat-dyes  hft?e 
iDocooompomiils  which  are  even  more  strongly  coloured.  Thus  the 
Ittiooocjm pound  of  indanthrene,  a  beautiful  now  colouring-matter, 
ii  bke  like  indaothfone  itself;  flayantbretie^  a  yellow  dye-stuffy 
wHch  lias  not  yet  left  the  laboratory  of  its  inventor,  has  a  blue  leuco- 
DOapoiuid.  One  may  say,  that  with  all  Tat-eoloure  the  real  dye-stuff  Ls 
ifce  leuoocompoiind  which  ia  afterwards,  when  once  fixed  on  the  fibre, 
traoafortned  into  a  pigment  by  the  otidising  influeuoe  of  the  air. 

In  1825  Faraday  diaeovered,  in  thie  very  house,  benzene ;  th© 
original  specimen^  prepared  by  his  own  hands,  is  before  you*  We 
hsk.  upon  it  reverently,  like  on  a  sacred  relic  bequeathed  to  na  by  a 
atfter^mind.  Bnt  what  a  development  has  sprung  from  this  first 
•ttempt  to  unravel  the  mysteriee  of  the  aronjatic  series  1  Our  Bcience 
u  well  Bft  our  industry  have  been  revolutionised  by  the  investigation 
of  tbe  d«riTative«  of  benzene,  and  the  world  has  been  embelliished 
by  tlie  giay  and  brilliant  dyes  of  which  it  is  the  mother-substance, 
Aft  ctudy  of  the  chemistry  of  the'^e  dye-stuffs  has  become  a  domain 
olieience  which,  for  variety  and  fascination,  can  hardly  be  surpassed 
by  ftny  other.  The  deeper  we  penetrate  into  it  the  more  it  proves  an 
inexhaastible  mine  of  the  most  subtle  scieutiEc  thought,  yet  one 
which  never  loses  touch  with  practical  life ;  it  is  interesting  alike  to 
the  philoeophical  mind  that  wishes  to  revel  in  the  wonderful  perfec- 
tion and  order  of  natnre^  and  to  the  philanthropic  spirit  which  rejoices 
ia  seeing  many  thousands  of  bands  occupied  and  princely  fortunes 
fSoduced  by  the  utilisation  of  what  wai  only  a  short  time  ago  a  refuse 
•ai  an  encumbrance.  It  teaches  a  lesson  even  to  those  who  are  not 
•ttaebed  to  science  and  apt  to  consider  it  as  a  kind  of  pastime  for 
fMflo  who  lack  ability  for  practical  life.  For  they  cannot  help  see- 
ie|  that*  in  this  case,  the  must  intricate  science  haa  led  to  somethiog 
ouncgitly  practical,  commensurate  to  a  standard  which,  though  uu- 
bowQ  to  the  Bureau  International  des  Poida  et  Me^ures,  is  to  some 
people  the  only  reliable  one,  vi^.  the  one  of  £  9,  d, 

I  am  afraid  that  the  high  praise  which  I  feel  jueti6ed  in  bestowing 
m  what  has  been  the  favourite  pursuit  of  my  life  is  not  fully  sub- 
initiated  by  the  contents  of  this  lecture.  The  subject  which  I  hod 
^^  treat  ia  so  vast,  that  all  I  have  been  able  to  say  is  nothing  but  a 

^(^eteh  or  a  programme  of  what  would  require  a  long  series  of  lectures 
if  fttU  juAtioe  were  to  be  done  to  it.  My  one  etcnee  for  attempting 
^«ketch,  in  the  short  space  of  one  hour,  so  vast  a  subject,  is  the  place 
^n  which  I  had  tlie  honour  to  speak :  An  audience  that  has  been 
•ddreined  more  than  once  by  the  pioneers  of  the  ohemistry  of  dye* 
■t&fflh  hy  Faraday,  Hofmann,  William  Perkin,  and  others^  could, 
^  o&e  of  tlie  Epigones,  not  have  looked  for  more,  than  a  few  notefl 
*n^  iddifeiona. 

[0.  N.  W.] 
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GENERAL    MONTHLY   MEETING 


MoEdsiy,  April  7,  1902. 

SiB  Jamsb  CflioHToif-BRowNB,  M.D.  LL.D.  F3-8.  Treasurer  and 
Vioe-Presidantf  in  the  OHiiir. 

Walter  Baily,  Esq.  M,A* 

Mark  Barr,  Esq. 

Cecil  Weat  Darley,  Eeq.  M.  loet  0,E. 

W.  E,  L,  Gaine,  Ebci- 

Carl  Hentschel,  Unq. 

James  Cbarles  Inglifl,  Esq.  M.  iGit,  C.E. 

George  Korthcroft,  Eeq* 

H,  C.  Plimmer,  Eeq.  FX,S,  F,R,M.B. 

F.  K  Rol>ertson,  Esq.  CJ.E.  M.Inst.C.E, 

G«orge  0.  WilBon*  ^::sq.  M.  A. 

were  electad  Members  of  the  Roy  id  IiiBtitution. 

Tbe  Special  Tiianke  of  the  Members  were  returned  to  Dr.  Francis 
Elga",  F.R  S.  for  a  Douatinn  of  £50  tu  the  Fund  for  the  Promotion 
of  Experimental  Re  Bear  eU  at  Low  Tempo  ratiiree, 

Tbe  Pbejsentu  received  since  tbe  last  Meeting  were  laid  on  the 
table,  aod  the  tUankB  of  the  Membara  returned  for  the  eame,  viz. : — 

FROM 

The  Lfjrth  &f  the  ^dminrWy— Nautiaiil  Almaunc  for  IfMiS.    Stcu 

A^mritiaH  Academtf  of  Aiia  and  5'ji«M5e*— Pfocecdinge,  Vol,  XXX VIL  Portti  6-lU. 

svn.   imi. 

Ameriean  Qeoqraphieal  Sb^ely— BuHetfn,  Vol  XXXIV.  No.  I.    8to,     mvi. 
Aeoademia  dtt  Liuoet',  Retd/^t  Eoma — ^Claajie  di  SdeD2e  Ff«iehe,  Matcmatiche  e 
NatuniH.    ALti,  Hertc  Quiula^  Kundiconti.     I"  i^emeBtfe,  VoL  XI.  Faae.  4,  5. 
8vo. 
GlttMe  di  Scienic  Morali,  SUirLche,  Serie  Qiiiiitii»  Vol.  X.  Faic.  11,  12.    Sv^, 
Attronomicat  &M(>fy,  Sf^—Moiitbly  Notices,  Vol.  LXII.  Ko.  3>    !^o.    lm)L 
Btrlin  i^mikieal  Saaieiy — Augu«t  Wilheltu  YOti  Hofman.    Ein  LebeDsbild.    8to. 

BoUwi  TnUh  Lf?>rary— Mod  till  V  Bulletin  far  Slaicli,  lytti!.    K?o. 

Wrtitof  Jlfti«itiiH — Kaport  oftlu' MiiBema  Cottimittee,  19(J1.    Svu,     1902, 

Bnii*h  An^hitect^,  K(^al  Jmtiiute  »/"JtniiuaJ,  l'*ni  Serlea,  Vol.  JX.  Nn.  10.    4lo, 

iyo2. 

Britiih  AdrtyftCfmieal  AfSGdaiion — rlaiirnaU  Vol.  Xll,  No.  5.     8to,     l&Ol . 
Britiih  South  Afrim  Gt^, — Bontberci  Khodtmn :  Informatifin  for  lateadimg  Bettlots. 

gto.    V^YL 
Summ  Awes,  Ct/y— Slonthlv  BulK'tiii  of  Municipiil  Btatiitiisi,  Jan.  1904.    4fco. 
GsMMTO  C^ub^Joojuiil  for  ^iHruJi,  l<>i»2,     8  to. 
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Qwriwl  J«itt*fry»  S&eiM^  o/— Journal,  Vol,  XXi.  Nos,  4-r5.     Sto.     1902. 
Ci«W8»^«te — Pit»oeediiigB,  NoL  248,  249,    8to,     iLI02. 
JooBil  for  Aprl],  1902.    Sto. 

«tKfttimlle«,  11>01»  No-  9:  I9ti2,  No.  I.     8vo. 
fiiiUetiu,  Cl«we  de  Plulalogie,  l&Ol,  Na  10:  lli02,  No,  1.    Svo, 
OmM.  amd  Baleorraa,   1^  Eari  o/  KF.  Jf.P.  F.R**?.  ilf.AJ.— BibUoliieca 

UndMiMiim :  ColleetionA  and  Notes,  No.  6. 
"to-flMill  d«  Bwda— Bulletin,  1»01,  Part  3.    8to. 
ilera — AanlotiQ  Joamsd  of  Scienoe  for  M»reli,  1902.    Bwo. 
MtbflDT'e  Fhotogmpkic  Bulktin  for  Atarch,  190-2.    8ro. 
Aitiopliyvic^  JcHatfnkl  fof  March,  ]9ii)2. 
AttwDCiUm  for  Maichf  1902.     4  to. 
AitKor  for  M&roh,  1902,    870. 
Bnwen'  Jouzxkal  for  Btarch,  1902.    Bwo. 
OyadDBl  laefWB  for  Mareb,  19<>2.    ito. 

■Jid  Dniggliit  for  March,  Wm,    Sto. 
'  SogloAer  for  March,  1902.     fol. 
Bttfiaw  for  Marob,  1^02.    8to. 
TixDM  for  MarQ^  1902.    4to. 
13eetrifllty  for  Harah,  1902.    g?ix 
Eagioeca^  f«.r  March,  1902.    foL 
EQj^Deiermg:  for  Mareb^  1902.    fol. 
Hooioeopatluc  Reriev  for  March-April,  1902.    8vo, 
Hotologifia]  Jooitial  for  April,  IWi*    Svo. 
*  iDYeatkiti  for  Mapoh,  IWL 
Joonial  of  the  Briluth  Dental  Adaociation  for  Maroh,  1902,     ^vo. 
Journal  of  M«dJiml  Eesnarch  for  Maichf  194>2.     870. 
Joonial  of  State  MedJcine  for  Marcfa,  1902.    Sto. 
Lav  JdoniAl  for  M&rch,  1902,    8to. 
London  Tecbniisal  hMQcatiun  Qaaette  for  Maroh,  1902. 
llMiiisei7  MaAe/b  for  March,  1902.    Bvo. 
Motor  Ov  Jtmmtl  for  March,  1 902.    8to. 
Iffilun  for  Mareb,  1902.     4to. 
New  Cburoh  Magazine  for  March,  1902.     8 to. 
NoaTo  Cimento  for  March,  1902,     3vo. 
Fhumaoeutical  Journal  for  M&rch«  1902.     Bwo. 
Fhpiographlo  Newa  for  Marcb,  1902.     Sto. 
Phjidcal  Review  for  March,  1902.     8fo. 
Popalar  Science  Monthly  ftT  MftTcb- April,  1902, 
fohlin  Beaith  Engineer  for  Mafch,  1902.     Sto, 
Sci9ne«  Attracts  r.>r  Blarch.  1902.    8to. 
Tifrcfftarial  Kagnutlam  for  March,  1902.    Sfu. 
TriT^l  for  Maft^h,  1902.    Svo, 
ZoopltUijt  Tor  Marcb,  1902.    4  to. 
MmndMjJ.  MoU,  Km,  (l/i«  AtdhoF)~BMlUi6  and  ibeir  Billet*.    Riponencw  with 
th9  X  Bftts  m  Soutb  AfHcn.     Vimo.     1902. 

Uten,  Inditidi&n  o/-^oumal.  Vol  XXXt.  No.  155.     8vo.     1902, 
IjuH^ifltf— Journal,  Vol.  CLIII.  No.  3.    Sm    1902. 
BoeiHide  Ph^i4^wi-*m^moiTeB,  Vol.  XXXIV.  Faso.  1.    4to.     1902. 
Meai  8o«ietj/t  i^oyo^— Cleographical  Jonmal  for  AprU,  1902.    8ff). 
hmHal  ImMtutf    Imperial  Inutiiuto  Journal  for  April,  1902. 
/«£»  HvjfMmM  CTnlwnifv— Uuiv^mity  Oironlat,  Ko.  15G,     8ro.     1902, 

kaNr  O«o(ogtofa  i^>e»(y— Tra&HaetiotiB,  Vol.  XXVII.  Parts  8,  9.     Sro. 

mm. 

LUm-mY   afui    PArfl0tfn)Au»i    5o^«te— Memoln    and    Piocpaiilnjn, 
ToLXLVI   Pftrt«B,4.    Kto.     1902.  * 

■aefc«gfl#  /luCtful^  0/  fw^no^— Technology  Quarterly.  Vol.  XTV.  Ka.  4. 
if&     1902. 
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Mdeonlogical  EoeMy,  Bdyal--M«tecpiologio&l  Ueoatd,  ToL  XXI.  No.  62.    Sto. 

190L 
MiteheU  *  Op^  ifeAWj.  G  (^  PuMMen)— Newapftpcr  Preaa  Directory,  1^02.    ^wa. 
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Hii  G«AGK  Tss  Buss  or  Nobtqumbg&lahd,  E*G.  D.CX.  F,RB,, 
President,  in  the  Chair. 

Tax  BlflflT  HoK.  Sia  John  H.  A,  ftUoDONAU>,  K.C.B.  LL.D, 

Lord  J uflt ice-Clerk  of  Scodand. 

Auto-Gars, 

Wojer  the  goremiDg  body  of  this  Tenorable  And  hoaoared  iDBtitnttoii 
Aik)^  that  m  l^tnre  be  delivered  npon  tbe  Anto-Car,  and  when  guch 
m  ASMS) binge  ia  gathered  together  &b  I  eeo  before  me  to  listen^  it  ie 
QAidfest  l}i&t  motor  Inaction  has  become  a  practical  factor  in  land 
tooomotiotu  No  doubt  very  considerable  di6r«reQcea  of  op  id  ion  exist 
in  the  community  about  it,  and  I  auppo&a  those  difieronces  are  fully 
repfegented  in  tbts  room.  There  are  the  kden  enthusinstfl,  of  whom 
I  few  «r0  here ;  there  are  the  people  who  are  favourable,  but  hold- 
ing back — looking  for  what  they  call  deTelopmeutB — which  I  find 
feneraUy  means  a  ErBfc-rate  engine  and  an  axCremely  handgome 
mitge  it  a  "Cheap  Jack"  price.  Then  we  have  the  coldly  iu- 
diftr«iil,  who  will  not  give  their  cotintcnanoe  to  automobilism  until 
it  has  got  a  little  stronger  in  inflaeoce  than  it  is  now.  And  laatly» 
Ikae  are  the  anoom promising  opponents,  who  hate  the  motor  of  the 
md  with  a  hatred  as  cordial  as  that  which  their  grandfathers  and 
gpiit-grandi&thers  bestowed  npon  the  motor  of  the  iron  railway. 

But  I  do  not  think  that  any  one  fails  now  to  recognise  that  auto- 
■obiliBm  18  oeruin  to  progress^  for  pleasure^  for  sooi&l  convenience,  for 
bttiDieia  travolltug  and  for  commerce.  It  has  been  bitterly  opposed 
k  the  past,  and  no  doubt  it  will  he  bitterly  opposed  still ;  but  nothing 
till  stop  it«  progress,  because  it  ban  become  quite  manifest  to  those 
tlo  have  looked  into  the  matter  with  care  that  it  la  going  to  confer 
T«y  gR«t  benefits  npon  the  eommunity^in  some  cases  ben eiita  which 
tm  hardly  be  measured.  I  cannot  enter  upon  these  to-night,  and  I 
ibaU  only  say — and  X  think  the  contention  can  not  be  disputed — 
itut  at  tbe  present  moment  in  this  ca^e^  as  in  so  very  many  oases  in 
t^  past,  those  who  are  most  keenly  opposed  to  motor  traction  on  the 
^  are  the  very  people  to  whom  it  will  bring  the  greatest  benefit. 
%&  ■qaira  and  the  fanner « the  local  tradesman  and  the  country  inn<- 
Wper,  these  form  the  classee  who  put  every  obstacle  they  can  in  the 
*ij  of  motor  traction.  They  ai^  so  short-sighted  as  not  to  see  that 
iltneans  fur  them  a  revival  of  the  road  such  as  seemed  absolutely 
^  for  ever  impossible  since  the  days  when  the  iron  horse  swept  the 
tdfio  from  the  highways  of  the  country.     Now  we  have  reached  a 
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time  when  tte  tnaiu  lines  of  niilwAj  are  becoming  congested,  and 
Ihefe  18  a  perpetitol  outciy  from  dmj  to  d»j  agaiimt  the  tyrannj  of 
railway  mte«^  Soon  we  Bhall  have  faat,  cheap,  cxjnvenient,  long- 
ilietatice  traffic  upoa  the  roadB,  and  it  ia  ih&  huaded  proprietor^  the 
tiller  of  the  fioil,  the  merchant  in  amall  places,  the  tradesman,  an^ 
aboTe  all  the  roadside  inn-keeper  who  will  reap  benefit  from  the 
development  of  motor  traction.  Whatever  their  feelinga  have  been, 
these  feelings  will  change  as  the  feel  in ga  of  m^uy  people  changed  in 
regard  to  the  establishment  of  railways  in  the  country. 

I  know  that  there  are  certain  districts  where  there  is  a  determined 
set  made  against  the  anto-car,  I  know  also,  for  certain,  that  if 
get  IS  snccessfnlf  it  will  have  the  same  efect  as  bofel  the  Ci 
ShefQeld  when,  in  the  early  days  of  railways,  the  inhabitants  of 
town  did  their  very  utmost,  and  sucoesBfulIy,  to  prevent  any  railway 
being  brought  near  them,  because  they  said  it  would  ruin  their  town. 
For  more  than  a  generation  Sheffield  was  not  upon  any  practical  main 
road  to  the  North  from  London,  to  its  own  great  losa. 

1  have  had  a  considerable  amount  of  anxious  thought  as  to 
how  I  should  treat  this  subject  to-night  As  the  man  in  difficul- 
ties generally  does,  I  consulted  my  friends.  I  asked  one  friend, 
a  man  of  great  experience,  who  knows  this  place  well,  bow  th« 
subject  should  be  treated.  He  told  me  that  many  experts  would 
be  present,  and  therefore  I  should  avoid  being  elementaiT'  I  000'- 
sulted  another ;  he  said,  **  whatever  you  do  be  elementary. '  I  asked 
a  third  friend,  in  whom  I  have  great  confidence  and  trust;  he  said, 
"In  medio  tutissimus  ibis,"  which,  for  the  benefit  of  the  ladies 
who  may  be  unaci[uaiuted  with  the  Latin  tongue,  may  bo  trans- 
lated :  *'*  keep  ill  tho  middle  of  the  road«'*  I  went  to  yet  a  foorth 
friend^  in  whom  also  I  have  very  great  faith,  and  who  also  knows  the 
subject  of  the  auto-car  very  well,  and  he  said :  **■  My  dear  fellow,  you 
must  take  it  for  granted  there  is  not  one  person  in  ten  in  your 
audience  that  knows  anything  about  the  auto-car »  except  that  it  has 
not  got  horses  in  front  of  it,  and  that  by  law  it  is  obliged  to  make  ft 
series  of  '  toots/  **  I  accoTdingly  resolved  that  I  would  be  more  or 
lees  elementary,  and  give  my  illustrations  in  the  simplest  form.  I 
wish  particularly  to  give  such  illustrations  as  the  ladies  will  be  able 
to  understand,  because  I  think  the  autoKMir  is  going  to  be  a  great 
favourite  with  the  ladies,  who^  if  they  are  strong  enough,  have  plen^ 
of  nerve  for  driving  upon  the  road.  My  experience  with  ladies  is 
tilts,  that  they  first  say  they  don't  want  to  get  on  to  a  motor  oar  at 
all,  but  whenever  they  do  mount,  they  always  want  to  go  faster,  and 
always  ask  you  to  take  them  out  again. 

Now  there  is  no  doubt  that  motor  driving  upon  the  road  is 
not  by  any  means  a  new  thing.  In  the  early  part  of  last  century, 
between  1820  and  1830,  at  tho  time  when  railways  were  beginning 
to  find  their  place  in  this  country,  there  were  far-seeing  and  inven- 
tive men  who  produced  carriages  driven  by  mechanical  power  upon 
the  road,  which  were  eminently  successful ;  and  the  names  of  such 
men  aa  Gumey  and  Hancock  in  England,  and  I^aamyth  and  Scott 
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tuiieill  in  Sootl&ud,  wUl  go  down  to  Iti story  oe  having  been  the 
pkn&dGffi  who  hmd  to  liack  tlieir  way  furwafd  through  tho  tbiekats  of 
pejtdioe  of  ignonaoi  and  biassed  mmd^«  Tbej  u-^ro  emme&tly 
fneewfal  for  tliat  time.  They  bad  tp  work  with  matatials  very 
idma  to  those  -wliicb  are  open  to  luvotiti^e  men  now.  Steam  was 
Ikn  oalj  power  tliey  could  use,  and  tbo  i^team  engtiie  bad  not  at  tbat 
tioebeeooie  the  bighlj  developed  magnificeiit  mBtrnmt^nt  wMcb  it  is 
nov.  NefrertbielesB,  they  ran  coacliee  ia  Elo  gland  and  in  ticotland 
Qfer  oonaideTmble  distances,  Tberie  ia  a  gentleman  preaent  in  tbia 
njom  to-night  who  htm  travelled  as  a  passenger  npon  one  of  these 
eotcbeg,  which  I  will  shaw  you  npon  tbe  screen.  [Numeroas  lautoru 
iUofttialtona    of   early    motor  coacbes  wero   here   thrown  upon  tbe 

It  IB  a  remarkable  fact  tbat  for  fifty  years  after  tbat  period  motor 
tnction  upon  the  road  wae  only  attempted  experimentally.  Tbe 
lulwaya  opposed  motor  traction  npoa  tbe  reads  bitterly;  the  S(|tiirea 
Q^Q^ed  it  bitterly ;  the  farmers  opposed  it  bitterly  ;  the  icn^keepera 
QffMed  it  bitterly.  Stones  of  largo  aiza  were  laid  across  the  road  in 
mit  of  the  oarrtagea  ]  ruts  were  dug  across  tbe  roads,  into  wbich 
liie  inventor  and  bis  yehiclo  might  go  down ;  and  probibitire  tolls, 
fsrying  from  II,  ^x.  to  2L  lOir.,  were  ezaoted  at  bars  where  is.  or  Bs, 
«is  the  charge  for  a  fonr^borse  oooob.  Tbe  result  was  that,  notiritb* 
tkndlng  the  great  enterprise  of  tbe  promotera  and  the  great  succees 
of  the  ooaches,  they  were  crnsbed  out  of  existencej  with  tbe  exception 
of  oeHsin  experimental  carnages,  and  that  attractiTe  object  tho  trac- 
im.  eagine. 

All  the  legislation  of  the  British  Parliament  was  made  for  tbe 
InetioD  engine  only,  notwithstandiog  tbe  fact  that  a  Select  Committee 
mi  in  the  Hoose  of  Commons  in  the  year  1882  and  unanimonsly 
]e]icirteil  that  "Tbe  substitntion  of  inanimate  for  animal  power  in 
mnght  on  common  roads  is  one  of  tbe  most  important  improve- 
MflilH  m  tbe  means  of  in  torn  al  communication  ever  introduced.  Its 
Jlietsa^bility  tliey  consider  to  have  been  fully  established."  The 
stated  Uiat  **  I'bey  are  perfectly  safe  for  passengers,  that 
are  not  (or  need  not  be  if  properly  consfcrocted)  nuisances  to 
public,  that  they  will  become  a  spoedier  and  cheaper  mode  of 
*ilifgyance  than  carriages  draun  by  botses;  tbat  they  will  cause 
Itm  wear  of  road  than  carriageK  drawn  by  horses."  Notwithstanding 
tyi  report,  a  aignally  favourable  one,  prejudice  prevailed,  and  motor 
traffic  wa«  stopped  for  fifty  years,  and  so  we  have  been  tied  down  to 
iht  traction  engine — ^tbat  iron  elephaut  of  the  road — ^which  has 
Mttlad  for  us  our  laws  up  to  tbe  year  1896. 

By  an  iuTention  of  twenty-two  or  twenty-tbree  years  ago,  road 
lotion  beuame  common  on  the  Contiuent,  and,  while  hundreds  of 
5tmag<*«  were  there  careering  about  gaily,  here  no  one  could  take  out 
i ttwfainioally-driTen  vehicle,  even  if  no  bigger  than  a  tricycle  or  a 
govvfueas  tnt>-cart,  without  having  more  men  in  attendance  upon  it 
^  ane  required  for  a  dO-ton  enpresa  upon  tbe  Great  Northern  or 
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tlie  London  and  North  Westcru  Railway.  Three  men  were  required, 
one  of  whom  was  ordored  to  go  before  it  carrjing  a  red  flag  to  wave 
in  front  of  the  noses  of  tho  horses  to  preiroiit  them  from  being 
nervous,     [niustratiocB  on  screen,] 

That  state  of  things,  of  course,  could  not  continue.  It  was 
ruinous  to  ue  as  a  matter  of  trade.  If  you  wiU  look  at  this  diagmia 
to  the  left  herej  you  will  see  the  extent  to  which  it  is  still 
holding  us  down  commercially.     No  one  in  this  country  coutd  aflbrd 

Imfostb  op  FaiufiOH  Arro-CARS,  1902, 

Januarv      **         ..  .•  ..         .^^         .<       £43,S55 

FebruftVy ..  ..  ..         52,682 

Mawh         ..  .,  70.513 

£11)7,050 
At  thfl  rate  per  Hiinum  of  £608,200, 

to  expend  capital  to  build  motor  cars  until  the  Act  of  1896  was 
paesed,  while  makers  on  the  Continent  were  establishing  a  very  large 
business.  Last  January  the  imports  of  foreign  motor  cars  were  vahiod 
at  43,856L  j  in  February  tbey  were  52,682f. ;  and  io  March,  70,613i 
— ^thus  increasing  month  by  month,  tis  they  will  do  during  the  rest  of 
the  summer.*  The  total  for  the  three  months  is  167,050/.,  which  is 
at  the  rate  per  annum  of  668,200?.  It  will  give  you  an  idea  of  it  if 
I  eipresB  it  in  this  way :  we  are  sending  out  of  the  country  every 
day  2120^  of  money— more  than  the  salary  for  a  whole  year  of  the 
President  of  the  Board  of  Trade  himself.  Such  a  state  of  things 
could  not  continue  ;  and  it  is  to  the  great  credit  of  Mr.  Shaw  Lefevre, 
and  succeeding  him  Mr.  Henry  Uhaplin,  himself  a  lover  of  horses 
and  an  agriculturist,  that  in  1S96  a  reasL>nHhle  Bill  was  [lassed,  whioh 
everyone  uow  thinks  must  be  modified— that  is  to  say  extended,  with 
proper  safeguards. 

The  motor  most  chiefly  in  use  for  road  traction  is,  what  I  shall 
call,  a  spirit-driven  engine.  It  resembles  the  gas  engine^  with  which 
we  are  familiar  both  on  a  small  and  on  a  large  scale.  Vou  all 
know  what  hapx^ens  when  a  housemaid  goes  into  a  room  where 
there  has  been  an  escape  of  gas,  carrying  a  naked  light.  The 
housemaid  and  the  room  suffer  severely ►  Still  more  awful  acci- 
dents happen  in  c^jal  pit^,  when  men  digging  into  the  bowels 
of  the  earth  let  free  gas  which,  mixing  with  the  air  and  being 
s«t  fire  to,  causes  terrible  explosions^  destructive  of  life.  It  is  liko 
Ike  old  story  of  the  fisherman  in  the  Arabian  Nights,  who  found  a 
bottle  sealed  up  with  the  seal  of  Solomon*  When  ho  opened  it  a 
vapour  came  out^  which  formed  itself  into  a  gigantic  genius,  who 
immediately  announced  his  intention  to  destroy  his  deliverer. 

Till  fifty  or  sixty  years  ago  it  had  not  occurred  to  anyone  that  it 


*  Sfnoe  the  date  of  thit  diBoonree,  the  rate  per  ammm  haa  incfdued  tc 
1,566,€8EI,  if  taketi  on  the  month  oT  Au^Bt,  in  which  the  nst  imporU  aoiontitetl 
Io  1119^4^,  or,  in  round  li^^urtB,  4265/.  d(kUy. 
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mppasible  to  tiTing   gas  and  air  together  in  email  qnantities,  and 

bim  of  haTm|i;   enormous  destractive  genii  to  deal  witb,  to  haTa 

iuwber  of  bottle    imps  which  jou  could  let  ont  oue  after  anothoi' 

iiKitittke  eaeh  do   eerviceable  duty.     The  gas  engine  wag  a  dev^ice 

for  lettmg  a  exo&ll  quaDtitj  of  gas  and  a  small  quantity  of  air  meet 

ic^theT  and  explode  in  a  confined  space,  so  that  by  a  euccessiou  of 

raiM  expl<moiiB  sufficient  power  was  devoloped  to  drive  an  engine. 

I  iriii  explaiti    te   you  how    the   gas   engine   works.     It  sotiiewbat 

memblea  a  steam  engine  in   general  apptiarance,  but   the  action  is 

^te  different,      I  have  prepared  tbis  model  with  a  cylioder  of  ^anf^ 

prent  glaea  ff*r  tbe  pnrpoFe  of  demonstrating  it.     The  first  thing  we 

kn  to  do  is  to  get  our  cylinder  filled  vvitb  a  mixture  of  gas  and  air, 

liietiier  ooal  gas  or  Taponr  of  petrcjl  or  atcolioL     In  order  to  make  it 

fka  lo  you,  1  attach  a  piece  of  blue  paper  to  the  pieton,  wbipb,  when 

invn  np  A.iid   gbowing  tbrongb  the  glass  c^'linrler,  symbulisea  the 

Biilore  of  gas  and  air.     When  tbe  piston  is  drawn  up  and  you  iiafe 

Mfad  into  the  cylinder  a  mixture  of  gas  and  air,  the  next  thing  ;ou 

luft  gol  to  do  is  to  force  tbe  piston  down  again  to  squeeze  and  press 

ttit  mixture  close  together  ;  then  it  is  ignittjd,  by  means  which  will 

k  iAerwardB  described^  and  tbe  piston  again  ascends,  but  this  time 

il  it  driven  up  by  the  explosioD^  while  the  cylinder  is  filled  by  tlje 

ffodnds  of  the    combustion ,  which  now  I  represent  by  a   brown 

|iper.     These  products  of  combustion  have,  by  ft  fourth  motion  of 

ifctpuloiit  to  be  excluded  and  drivcu  out  again.     You  enck  the  mix- 

lo^  of  ^0  and  air  in ;  you  then  preee  it ;  it  is  then  expanded  aud  the 

foloil  diiven  np  by  force  of  explosion  ;  and  then  the  piston  descends 

-  wnt  poshes  out  the  exhausted  gas,  and  it  is  ready  to  begin  its  work 

HHfoelmig  up  gas  and  air  again  ;  and  so  it  goes  on  in  a  succession  of 

Now  you  will»  I  think,  aek  me  three  questions,  which  wUl  occur 
i»  eferyone.  First,  how  do  you  get  your  first  two  strokee  when  yon 
bfu  nothing  to  do  it  with,  as  the  explosion  does  not  take  place  until 
tbt  third  titne  the  piston  moves  ?  Next  you  will  ask  when  the  piston 
u  driTen  up  why  does  not  it  stay  there?  When  driven  up  by  a 
ilCBag  explosion  it  would  be  expected  to  stop  there  or  knook  tbe  top 
of  ihe  cylinder  off.  The  third  question  is,  if  gas  is  being  admitted 
10 to  thie  space,  how  is  it  that  when  the  explosion  takes  place,  the  fire 
ia  not  commnnicated  to  all  the  fuel  carried,  so  burning  it  up  at  once, 
^d  oaosiiig  a  conflagration. 

I  «rill  explain  these  tbiugs  to  you  very  shortly.  In  the  first  place, 
tOft  of  the  difficulties  of  the  gas  engine  is  that  it  has  to  be  started  by 
i^*  other  power  before  it  con  do  its  work.  To  start  a  etoom  engine, 
iteim  is  let  in  first  at  one  end  of  the  eylinder  and  then  at  the  other, 
lod  id  poahee  tbe  piston  from  one  end  u>  tbe  other  altemalely.  fiut 
i&  this  apint  engine  something  b as  to  be  done  first,  mocha nicallyf  in 
^ifist  to  pvo  the  gi8  the  opportunity  of  being  sucked  in  along  with 
tkiiiranJd  eompreased  so  us  to  make  an  effective  explosion.  1  dare' 
^  icmie  of  yoQ  have  seen  people  on  the  road,  whose  engbes  hare 
^oppsd,  basy  with  a  sort  of  bnrrcl'orgau  handle  turning  it  roncd 
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rigoroaslj,  Th&l  is  to  inciiioe  section  and  compr^esioD  to  get  their 
engine  U>  &t«rt.  There  was  m  4riTer  in  Glasgow  huBj  t-orning  hie 
liftodle^  M  a  working  man  came  ap,  who  wrs  a  great  connoiaseur  in 
mnne.  He  stood  for  a  moment,  put  hh  hand  In  hi&  pt»cket,  and  took 
out  A  penny.  After  watching  a  few  turns,  be  8*id^  "  Man,  haTe  ye 
no  forgotten  t<j  put  a  barrel  in  ?  "  Presently  there  w»s  &  loud  nun — 
mm — rum — mra— Buggeetiye  of  the  beginning  of  the  overture  to 
*  Willi&m  Tell/  But  no  mnsiu  follow^  upon  that,  and  the  man 
remarked,  *'  I  think  I'll  juBt  keep  my  penny  till  ye  get  her  inside 
right." 

The  second  question  was,  why  the  piston  when  forced  up  did 
not  stay  jammed  at  the  end  of  the  cyliodar.  It  would  do  so,  but  for 
the  use  of  a  fly-wheel,  I  asked  one  of  my  lady  friends  the  other 
day  if  she  knew  what  a  fly-wheel  was«  Bhe  thought  it  had  something 
to  do  with  Santos  Btimont ;  she  evidently  knew  nothing  about  it 
The  fly-wheel  is  bused  upon  a  very  simple  principle,  that  if  yon  are 
going  to  move  anything^  you  cannot  move  it  without  putting  some 
euergy  into  it.  If  a  ball  is  thrown  along  the  ground  it  rolls  imtil 
the  energy  imparted  to  it  is  exhausted,  and  it  comes  to  a  refit.  A 
light  ball  cannot  go  far — a  piug-pong  hall  thrown  would  not  hurt  a 
lady,  but  a  golf  ball  driven  by  a  club,  or  a  cricket  ball  thrown  by 
hand  or  driven  by  a  bat,  might  hurt  severely*  Kere  are  two  wheels 
of  tbo  eame  size  on  one  axle  [model  exhibited],  aud  although  I  eet 
them  spinning  together,  so  far  as  I  can  honestly  do  it  putting  the 
same  amount  of  force  on  to  both  wheels,  you  notice  that  one  has 
stopped  while  the  other  is  still  revolving.  The  only  diffe; 
between  them  is  that  one  has  a  tyre  upon  it  and  the  other  has  ^^ 
The  one  with  the  tyro  is  of  course  a  little  heavier,  aud  therefore  taket 
more  force  out  of  my  hand  than  the  other  to  start  it  at  the  same 
speed,  aud  so  it  runs  on  longer.  That  is  a  simple  illustration  of  the 
fly-wheol,  and  here  is  the  simplest  and  perhaps  the  oldest  of  all 
illuBtrations  of  the  fly-wheel— a  spinning- wheel  [model  cihibitedl 
A  spinning-wheel  ia  always  made  with  a  heavy  outside  riin,  which 
ensures  equable  motiou,  and  it  will  run  whea  tbo  hand  has  to  be  re- 
moved to  attend  to  the  thread.  That  is  the  principle  of  t]je  fly-wheel. 
Here  is  a  model  of  one  of  theeo  spirit  engines  with  a  heavy  fly-wheel ; 
when  the  fly-wheel  is  first  turued  round,  the  energy  taken  up  by  it 
keeps  the  piston  moving,  causing  it,  through  ite  crank,  to  change  its 
direction  instead  of  being  jammed  against  the  oud  of  the  cylinder, 
and  BO  making  the  piston  continue  to  move. 

The  next  point  is,  how  is  the  explosion  obtained  ? 

There  are  two  modes  by  which  wo  fire  our  mixture  in  the  motor 
oar.  One  is  by  means  of  a  small  platintim  tube  which  goes  through  the 
side  of  the  cylinder*  This  tube  is  inserted  in  the  space  in  which  the 
miiiture  is  being  pressed  at  th<!  and  of  the  cylinder ;  it  is  kept  wMte 
hot  by  a  lamp  outside,  and  ag  the  compressed  air  and  gas  are  driven 
against  it,  it  ignites  them  and  the  piston  moves.  A  preferable  mods, 
in  mj  opinion,  aud  oue  that  is  naed  more  frequently,  is  by  eleo- 
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|iiei^,WLUi  ihe  aid  of  an  indnction  coil  and  a  oommtitAtor — mto  tbd 
jotails  erf  ifluoli  X  do  not  mean  to  enter  to-night^by  which  a  small 
^uk  is  p«ned  at  felie  right  moznent  between  two  platinum  points  in 
Ibt  inmde  of  ihe  cyKnder  and  so  explodes  the  mixlure.  [Indncfeioa 
«I0  and  oommatators  were  ghown.] 

Those  are  the  general  principles  upon  which  the  gas  engine 

woAm.     What  temained  to  be  discorered  before  it  could  be  applied 

to  roftd  engum  was  some  means  of  making  a  suitable  gas  on  the 

poad-   Ordjjaary  gas  yon  oonld  not  use,  because  you  could  only  oarry 

it  in  a  carriage  by  having  it  compreeeed  into  strong  and  tery  power- 

M  cylindei^  which  were  necessarily  very  heavy.     If  any  accident 

ih0Qld  happen,  and  if  by  any  chnuce  your  compressed  ga^  got  out, 

mj  disaAtrons  resnlts  would  follow.     But  the  difficulty  was  solved 

If  WiBg  the  vapour  of  a  volatile  oil  which  conld  be  safely  carried 

ai  li*3e  gaseous  &Qm  time  to  time  as  required.     Hence  ''petrol,'* 

wMfdk  is  the  essence  of  '^  petroleum,"  and  extremely  inflammable,  is 

pnmUy  used.     Bat  alcohol  or  vapour  of  benzol  ine  can  be  used 

>b1  J.     This  is  passed  through  what  is  called  a  carburettor  ;  a 

regulated  quantity  being  brought  from  your  tank  in  order 

you  m^y  first  get  the  gaseous  vapour  which  is  to  be  mixed  with 

air«     There  are  various  ways  in  which  this  ie  accomplished^ 

It  is  obvions,  as  I  said  before,  that  a  third  question  will  occur  to 

pm — is  it  not  very  dangerous  to  have  an  exploBion  when  you  are 

Qttrjtng  «  quantity  of  a  anbstanoe  giving  off  an  infiammablo  gas? 

Ito  difficulty  is  got  over  by  the  vapour  from  the  eeaence  being 

pMMd  thiOQgb  small  holes  or  through  a  piece  of  very  fine  wire  gauze, 

ad  IPS  then  have  absolnte  cortainty  that  no  flame  will  go  back  past 

Hit  point  to  the  store  of  inflammable  liquid.    A  piece  of  wire  gauze  as 

jot  see  has  this  effect,  that  a  flame  does  not  pass  through.    It  is  really 

imoeeuion  of  very  small  tubes,  so  small  that  the  combustion  cannot 

te  tOAmtained,  and  the  flame  cannot  eatablifih  itself  beyond  tbe  gauEe> 

Thtt  Is  tha  origin  of  the  old  Bavy  lamp  for  the  safety  of  miners* 

[Lamp  ahown.]     A  lamp  covered  with  gauze  in  this  way  can  never 

«t  fire  to  an  explosive  mixture.     In  the  auction-stroke  of  the  piston 

rapour  is  drawn  off  from  the  carburettor,  much  as  a  lady's  scent 

fpriokler  draws  off  and  sprays  out  soent  when  the  india-rubber  bulb 

itpiiuched,  the  only  dififerenoe  being,  that  in  the  one  case  the  air  is 

lorasd  past  and  in  the  other  it  is  sucked  past  the  orifice. 

The  carburettor  having  done  this  duty,  the  gas  is  let  into  the 
eylindsTf  mixed  with  the  air,  and  compressed^  and  we  get  our  cxplo- 
ttoii  and  our  motion,  and,  having  got  that^  we  have  to  deal  with  it 
•fleording  to  reason,  because  you  see  you  cannot  possibly  have  an 
•SHtiTtt  explosion  except  when  the  cylinder  is  closed  up.  Accord- 
i^^y  fine  liave  to  use  valves,  so  that  when  the  explosion  comes 
ooiluii^  goat  odit  at  the  entrance  at  which  the  gas  and  air  come  in. 
The  h«il  Ulufttration  I  can  give  is  that  of  the  ordinary  bellows. 
There  is  a  little  hole  in  the  bellows  and  a  little  pioco  of  wood  work- 
I  when  you  open  the  bellows  but  closing  tight  by  the  com- 
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pfeMiofl  of  the  air  when  you  shut  them.  It  ia  exactly  the  same 
tMng  with  a  patrol  engine,  eioept  that  we  i^eiet  the  Ttilve  to  cloae 
by  providing  it  with  n  spring  to  make  it  move  more  quickly* 

The  next  thing  is  the  tneiuis  by  which  we  keep  this  engine  oool 
*¥ke  eDgioe  is  running  as  high  ae  700,  800  or  even  1200  or  more 
revolutions  every  minute,  and  theee  consUnt  explosions  which  are 
taking  place  every  second  time  the  piston  moves,  uecessarily  cause  an 
enormous  amount  of  heat.  In  the  case  of  very  Email  motors  we  can 
have  working  along  with  the  machine  a  small  fanner  to  keep  it  cool^ 
but  with  large  motors  this  is  quite  inefficient.  We  have  to  use  a 
seriea  of  pipes  with  gills  upon  them :  water  is  kept  circulating  in 
these  pipes  either  by  means  of  a  pump  or  other  means,  so  that  the 
heat  tuken  np  from  the  oy Under  ie  drttwn  o^  and  the  water  returns 
and  again  draws  off  the  heat. 

The  neit  thing  is  how  we  apply  speed  to  get  our  mnning,  becausep 
as  your  engine  is  going  round  an<i  round  at  700  or  800  or  more 
revolutions  a  minnte,  the  speed  must  be  brought  down,  so  as  to  apply 
the  power  effectively  to  the  wheels  at  a  much  slower  rate,  and  to  vary 
the  speed  as  required.  [IllustrationB  on  screen  of  methods  regu- 
lating speed  by  various  sizes  of  pulleys,  gear  wheels,  chains  and 
sprookets,  etc.] 

Then  we  come  to  the  tyres  which  we  put  upon  our  wheels.  In 
the  days  of  the  '•  Euterprtse  "  c^ach  there  were  no  rubber  tyres.  It 
was  rough  work,  and  required  very  powerfully-buOt  atrriages.  Here 
is  a  specimen  of  the  latest  tyre  for  the  motor  car*  if  you  want  very 
oomfttrtable  running  and  are  prepared  to  risk  puncture  every  now 
and  again.  There  are  other  specimens  heroj  which  can  be  examined 
afterward g}  of  the  different  modos  in  which  the  pneumatic  tyre  ts 
made  up.  Here  are  specimen s  of  the  solid  tyre,  one  of  them  being 
composed  of  hard  rubber  outside,  and  softer  material  for  the  inner 
part,     [Specimens  of  tyre  exhibited,] 

There  is  a  necessity  for  having  very  powerful  brakes  upon  the» 
carriages.  Here  is  one  which  closes  round  a  drum  upon  the  axk. 
These  carriages  can,  in  fact^  be  pulled  up  in  an  extraordinarily  short 
distance ;  if  people  are  willing  to  sacrifice  a  tyre  upon  some  occa- 
sion b,  they  can  be  stopped  almost  instantly.  [Specimens  of  brakes 
exhibited.] 

That  is  a  description  generally  of  what  I  call  a  spirit  engine. 
I  have  used  illustrationB  more  particularly  of  Herr  BaimWi 
engine.  He  is  dead,  but  he  was  the  greal  pioneer  in  this  direction, 
I  have  no  wish  in  this  lecture  to  praise  any  person^s  particular 
work,  or  any  individuals;  but  everyone  can,  without  pmtiality, 
give  a  tribute  to  the  memory  of  Daimler  as  one  of  the  great  in- 
ventors and  manufacturers  of  our  time.  It  was  he  who  practically 
adapted  the  gas  engine  to  the  use  of  petrol  vapour,  which  at  present 
is  nearly  universally  found  suitable  for  the  smaller  machines, 
such  as  tricycles  and  bicycles.  We  very  often  see,  indeed,  an 
engine  supported  between  two  wheels,  and  there  is  one  which  hcbs 
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th«  wliok  apparatoB  lodged  inside  the  spokes  of  the  hind  wheel, 
Ywtt  will  appreciate  tte  ingenmt^  required  to  fix  on  snct  a  email 
naehme  as  a  tricjcle  or  bicycle,  au  eagiiie  of  2,  2^  or  2|  lioree- 
power  to  nm  ftt  ae  mnoli  oa  1200  or  more  re?olatioDa  a  minute. 
Socb  Tehicles  haTe  a  great  futwr©  before  them.  There  are  other  auto- 
iDobUe  carriagGfl  in  which  a  heaTier  oil  is  used,  applying  heat  to  the 
(ni,  and  thus  bringing  it  into  a  TapoHead  condition.  This  ha@  not 
made  moch  progress  ba  yot,  hat  its  promoters  are  pereeToriogt  and,  if 
oowned  with  success,  may  find  a  field  of  uBefalnesg  in  places  where 
so  Tolatile  a  liquid  as  petrol  cannot  be  carried  in  large  quantities — 
fts«  for  instance,  in  t^^  hot  climates — without  great  danger  either  in 
eouBeqnenoe  of  the  heat  or  from  the  proximitj  of  other  things. 

Staain  oars  hare  become  highly  sueoeesful,  but  of  these  I  need 
Dot  wpe§k  at  much  length.  For  the  benefit  of  the  ladies  I  shall  only 
mjf  that  while  petrol  engines  resemble  **  fives  **  or  rackets,  where  the 
b^  oorreiponding  to  the  pisttm,  is  struck  from  only  one  end,  and 
from  its  own  rebound  given  back  to  be  struck  agaio,  the  steam  engine 
if  like  ping-pong  or  lawn  ten  &  is,  in  which  the  ball  is  struck  and 
forced  from  one  end  to  the  other  alternately.  In  the  steam  engine,  as 
the  piston  arrires  at  one  end  of  the  cylinder  the  steam  is  shut  ofif  fi^am 
the  other  end,  and  let  in  at  the  former^  and  thus  the  piston  is  driven 
b«ckwardf!  and  forwards*  This  mode  has  its  advantages  and  disadvan- 
tai^ea,  which  it  is  impossible  now  to  enter  into,  as  the  time  is  limited. 

Another  chise  of  automobile  U  moved  by  electric  power — a 
kiurious  class  of  anto-car,  if  I  may  say  so,  and  there  is  a  groat  field 
before  it.  Its  advantages  are  ease  of  starting  and  control,  absence  of 
oomplicatioti,  and  noiselessness  and  cleanliness.  Its  disadvantages 
it  preseDt  are  its  dead  weight,  and  the  impossibility,  whea  its  power 
m  exhausted,  of  renewing  it  ezoept  at  places  where  you  eau  recharge 
&om  aocumnlators,  as  you  can  only  rnu  GO  or  70  miles  without  coming 
to  the  end  of  yonr  power.  For  going  about  town,  making  calls  or 
■hopping,  or  visiting  places  of  amusement,  or  taking  a  short  drive, 
DotMng  can  possibly  be  better.  I  have  no  time  to  eiplain  to  you  what 
t  storage  battery  is,  beyond  stating  that  it  m  a  box  in  which  there  is 
iuffioient  energy  stored  up  to  do  certain  work  when  you  want  it. 

Allow  me  a  few  words  in  conclusion  upon  the  quostion  of  how  the 
motor  car  will  affect  the  general  community.  It  will  undoubtedly 
&cilitate  the  residence  in  the  country  of  those  requiring  to  do  their 
work  in  towns.  Parts  of  the  cuuotry,  and  those  of  the  most  pic- 
tmmqiie  and  healthy^  are  unapproachable  by  rail  or  tramway,  both 
bstrnttae  of  the  gradients  ami  the  width  of  the  roads,  and  the  present 
piaeity  of  population.  The  tendency  of  suburban  dwellers  to  cluster 
arnftnd  railway  stations,  or  along  tramcar  routes,  will  be  modified* 
The  range  in  distance  from  town  will  bo  increased,  and  the  choice  in 
mial  socoery  will  be  enlarged. 

There  is  a  limit  to  human  endurance  of  daily  tramcar  runs  if  the 
dicttaiicc  is  great.  And  what  a  rolief  it  will  be  to  many,  who  now 
irnTul  daily  in  and  out  by  rail,  to  be  able  to  do  so  by  road  if  the  time 
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occupied  ii  DO  more  tban  at  preaent.  Iq  many  caaes  tbe  journey  will 
occsupy  less  time.  At  present  paterfamilias  is  compelled  to  gobble  a 
baity  breakfast  and  mak©  off,  often  not  at  a  proper  poat-prandial 
speorl,  sometimes  in  hail,  rain  or  anow^,  to  reaeb  a  etAtion  half-a-mile  or 
more  from  bis  house,  When  he  arrives  there,  he  finds  that,  iDstead  of 
being  nearly  too  late,  the  train  does  not  come  in  till  long  after  ite 
proper  time,  and  when  it  does  take  Mm  up,  it  stops  time  after  time  at 
signals,  and  gets  further  and  further  still  behind  its  time.  Then  on 
arrival  he  bas  still  perhaps  a  mile  to  go  by  omnibus  before  he  can  get 
within  some  hundred  yards  of  his  office.  All  this  would  be  changed, 
and  count  less  citizens  who  cannot  afford  to  set  up  a  horse  and  stable, 
or  wbo  wonld  not  have  the  space,  could  find  accommodation  for  their 
Yofturettes  in  their  warehouse,  or  put  them  up  elsewhere  for  a  trifle, 
till  the  time  for  tbe  return  journey. 

One  who  is  a  little  better  off  can  take  a  servant  with  him,  and  may 
send  back  the  car  to  enable  my  lady  to  do  her  shopping  or  make  ber 
calls,  coming  back  for  Mm  in  the  afternoon,  doing  its  50  or  60  miles 
in  oDe  day,  which  no  horse  could  do,  or  if  it  could,  woold  certainly 
not  be  fit  for  work  on  the  day  following. 

The  car  can  be  applied  to  purposes  snch'as  sawing,  or  watering; 
pumping,  thrashing,  and  other  useful  works.  As  regards  the  biieinesB 
uses  of  the  motor  vehicle,  will  it  not  be  a  boon  to  the  occupiers  of  land 
to  be  able  to  scud  their  milk  and  butter,  and  field  produce,  long  dis* 
tances  of  30  or  even  40  miles  iJito  the  large  towns,  either  by  their  own 
Tehicles  or  by  oontraot,  without  the  intervention  of  the  middleman, 
and  the  arbitrary  rates  and  delays  of  the  railway  companies  f  The 
time  occupied  and  the  expense  incurred  would  be  lesB,  for  the  carting 
to  a  station,  the  loading  on  to  railway  trucks,  the  waiting  for  train 
despatch,  the  unloading  on  to  another  cart,  are  all  complications  bad 
for  tbe  goods  and  tending  to  pile  up  expense. 

Further,  the  farmer  who  is  many  miles  from  a  railway  station 
would  be  able  to  compete  on  fair  terms  with  others  wMch  now  he 
cannot  do,  and  therefore  his  landlord  gets  a  fimaller  rent,  and  be  in 
somewhat  limited  in  his  choice  of  means  of  making  a  profit.  To  the 
manufacturer,  the  merchant  and  the  town  tradesman,  will  it  not  be  a 
great  advantage  to  have  a  range  for  deliyery  of  their  goods  and  for 
taking  orders  by  their  own  vehicles  pi-actioally  trebled,  as  will 
certainly  be  the  c^se.  Their  vans  can  go  a  ronnd  of  60  miles,  or  even 
more,  whereas  now  tbe  range  is  limited  by  the  necessity  of  baiting 
aud  watering,  and  by  the  capacity  of  the  horse  for  work.  Between 
Manchester  and  Liverpool,  within  a  very  short  time,  enormous 
quantities  of  goods  will  be  carried,  and  quite  as  fast  as  they  could  be 
conveyed  by  railway. 

The  wayside  inn-keeper,  who  has  been  a  faded  and  decayed  person 
ever  siuce  the  railways  took  possession  of  our  road  traffic,  will  be 
benefited.  I  have  seen  some,  in  places  which  a  short  time  ago  were 
never  visited,  greatly  rejoicing  when  three  or  four  cars  came  in,  from 
ihe  occupants  of  which  they  were  able  to  draw  a  good  profit.  There 
is  now  an  excellent  outlook  for  the  oonutry  inn-keeper. 
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A  littib  higher  in  the  social  scale  the  doctor,  whether  in  town  or 
eonitaET,  wQl  ba^e  bis  capacity  for  making  ronnds  greatly  increased. 
He  win  bare  no  need  to  go  ont  of  his  way  to  change  his  horse,  and 
win  not  find  himself  crippled  in  his  work  by  his  nag  having  been 
of»-&kigiied  hj  too  long  a  roond  on  the  preyions  day,  or  chiUed  by 
iiHiding  in  eril  weather.    When  suddenly  summoned  he  can  be  on 
tin  road  in  two  minntea,  and  will  not  have  to  choose  between  being 
too  lake  in  an  emergency,  or  oraelly  treating  a  wearied  animal.    A 
fMflian  or  aiirgeon,  summoned  in  consultation  to  an  nrgent  case, 
will  not  have  to  conanlt  the  A.RO.,  only  to  find  that  perhaps  he  can- 
not even  start  for  two  honrs,  and  that  when  he  does,  his  train,  even  if 
pQnotoal,  will,  after  an  honr-and-a-half  of  travelling,  only  land  him 
tbee  or  foor  miles  from  his  destination.     On  such  distances  as 
SO  odlea  or  ao,  he  oonld  outstrip  the  railway  without  going  at  any 
diDgaona  speed  upon  the  road.    It  may  give  you  some  idea  of  the 
diffBranoe  between  what  may  be  done  now  and  what  used  to  be  pos- 
nbh  to  refer  to  this  diagram. 

This  diagram  shows  roughly  the  nnmber  of  places  of  considerable 
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poptilatioii  vritliii]  radii  of  diS^rent  lengtbs  frotn  the  ceotrip  of  tiits  eity. 
There  is  no  diffioaltj  in  seeing  al  onoe  thftt,  whUe  by  horse  hnolftge 
15  plftoes  might  be  Tisited*  or  41  phxm  with  great  dtfficolly,  aa 
ituto-ciu'  could  nmkc  a  viiit  to  seteral  plaoee  within  the  inner  arews, 
mnd  coulil  visit  any  of  tic  71  plaees  in  the  8D-mUe  mditi©,  or  of  the 
160  places  in  the  60-mile  rftdius.  The^  places  include  Oifoid, 
Aylefibnry,  Backin^bam,  Northampton,  Bedford,  Cambridge,  Butj 
St.  Edmunds,  Ipswich,  Harwich »  Colchester,  Mmtgf^  Hams  gate, 
Dorer,  Folkestone,  Hastings,  Eastbourne  and  Brighton^  Chichester, 
Portsmouth,  Sonthampton  and  Wincheatar*  In  such  journeys  the 
channa  of  oonntry  can  be  enjoyed  aa  they  cannot  bo  from  a  rmUway 
line.  Who  knows  the  beauties  of  Kent  or  Snrrey,  or  Hert%  who 
never  eeee  theee  conn  ties  except  out  of  the  window  of  a  r^waj 
CArri&gev  even  when,  a^  I  am  told  sometimes  happens,  the  speed  girea 
plenty  of  time  for  admiring  the  eoenery  ? 

Eemembdr  tbia  too,  that  there  m  considerable  ecennmy  in  not 
having  to  pay  anything  when  not  using  yonr  anU>-car.  If  yon  go  for 
a  month  or  six  weeks  to  the  Continent^  inatoad  of  spending  money 
in  feeding  a  horse  yoa  will  have  that  money  to  spend  abroad.  Also 
the  gain  to  be  made  is  nut  limited  to  those  who  enjoy  the  nse  of  the 
vehicle  or  those  who  profit  by  it  in  their  bastness.  In  remoTing 
the  congestion  of  the  streets,  or  in  clearing  them  of  pollution,  the 
gain  would  be  very  great.  If,  when  a  continuous  line  of  vehicles  ts 
crawling  from  Chariug  Cross  to  the  Bank  every  horse  diaappeaned, 
OA  by  the  wave  of  a  fairy's  wand,  and  each  vehicle  moved  auto- 
matically,  the  time  occupied  in  travelling  between  the  two  places 
would  be  diminished  by  more  than  one-half;  every  check  to  allow 
traffic  to  cross  the  line  of  vehicles  wonld  occupy  only  half  of  the 
time  it  does  now^  and  any  vehicle  that  con  Id  pass  another  would  do 
0Q  much  more  easily,  there  being  no  horse  to  diaw  out  into  the  road- 
way before  yon  can  make  any  progress.  A  string  of  carriages  at  a 
Drawing  Eoom  or  the  Opera  would  occupy  only  half  the  distanoe, 
and  double  the  number  of  carriages  would  be  cleared  at  the  same 
time,  both  in  arriving  and  departing,  thereby  saving  a  great  deal  of 
grumbling  at  the  ladies  by  the  gentlemen,  and  mc€  iwraa.  All  over 
the  busy  parts  of  the  great  town  the  tendency  to  oongestion  would 
be  diminished. 

Then  there  is  the  question  of  pollution.  How  many  hundreds  of 
tons  of  deleterious  matter  are  blown  about  or  caked  into  the  face  of 
our  insanitary  wood  pavement  and  ground  into  fine  dust,  to  be 
blown  into  our  noses^  mouths  and  eyes  ?  And  how  much  of  it  is 
carried  by  faahionable  skirts  into  the  houses  of  Belgravia  or  May- 
fair,  to  be  thrown  up  neit  morning  by  the  housemaid's  broom?  Can 
anything  be  imagined  worse  in  a  great  city,  where  the  air  is  much 
more  injurious  than  in  the  country,  contaminated  as  it  is  hy  other 
unavoidable  impurities  ?  Ask  any  medical  man  whether  the  sick  rate, 
ay,  and  the  death  rate,  wonld  not  go  down  if  the  pollution  resulting 
from  the  use  of  animal  haulage  cotdd  be  sensibly  diminished.    Since 
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I  wrote  these  xrords  Sir  Henry  Thompson  has  said,  '<  The  sanitary 
condition  of  our  great  city  wonld  be  considerably  improved,  since 
tbe  tkreete  would  no  longer  be,  as  they  are  now,  the  daily  receptacles 
of  many  tonB  of  manure,  which  becomes  not  merely  offensive  bnt 
projudioial  to  bealtb.  Its  components  soak  into  the  wood  pavement 
ind  poUnte  the  Borronnding  air  by  evaporation,  and  in  hot  and  windy 
ireaUier  with  doBt  also,  which  is  inhaled  by  the  inhabitants.  This 
it  a  cause  of  deranged  health  to  many.  It  is  second  in  degree,  but 
the  same  in  kind,  as  that  occasioned  by  intramural  interment,  long 
igo  f orbidden*** 

Finally,  Ladies  and  Gentlemen,  one  thing,  and  one  thing  only,  I 

will  ask,  and  it  is,  that  you  will  not  refuse  to  realise  that  the  advent 

of  the  motor  vehiole  upon  the  road  is  a  thing  to  be  looked  upon  in  a 

Itoad  and  not  in  a  narrow  spirit.    It  is  certain  that  it  will  affect  the 

wbde  community  in  many  directions — national  prosperity,  social  and 

eommeroial  oonyenience  and  economy.    Is  it  to  be  a  benefit  to  the 

wltole  of  the  public  taken  in  the  aggregate?    This  is  a  question 

wliieh  must  be  considered,  and  with  a  serious  and  unbiassed  mind. 

It  will  be  80  considered  by  you,  I  feel  sure,  and  when  it  is  I  am 

eortain  of  your  judgment.    It  will  be,  that  although  this  new  mode  of 

tnction  has  its  drawbacks,  as  every  great  change  in  this  world  must 

We,  the  advantages  which  it  promises  to  give  do  so  immeasurably 

outweigh  them,  that  it  is  the  duty  of  a  good  citizen — subject,  of 

ooute  to  reasonable  legislative  control — ^to  give  it  a  fair  and  a  free 

field. 

IJ.M.j 
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WEEKLY   EVENING    MEETING. 

Friday,  April  26,  1902. 

Sra  J4KK9  Cmcston-Brow»b,  H.D.  LL,D.  K,R.S.,  Treasnrar  Ami 
Vice-President,  in  the  Cimir. 

Javsb  Mackenzie  Davidbon,  BiSQ,  M*B.  CM.  M,EJ. 

X'Jiayi  and  Loeaiitatifm. 

At  the  end  of  the  year  1895  ProfesBor  Bdntgen  announced  that  he 
had  discoTered  a  new  kind  of  raya  coming  from  a  Grookee'  Tube, 
which  he  called  the  X-rnyg.  This  discovery  created  a  widespread 
interest  in  all  parts  of  the  world  and  among  all  classes  of  people, 
and  the  reason  is  not  far  to  seek,  beCAUsa  the  faot  that  these  rays 
have  the  power  of  passing  through  our  bodies  and  casting  shadowfi  of 
OUT  bones  upon  a  photographic  plate  or  a  fluorescent  s<;reeii,  at  onoe 
gaye  the  discoTery  an  intensely  bumaii  interests 

It  IB  my  pririlege  to-night  to  tell  you  something  about  these  raya 
and  their  application  in  surgical  practice.  At  the  risk  of  being  too 
elementary,  I  never theless  purpo§e  beginning  with  a  short  historical 
sketch  of  the  scientific  discoveries  and  developments  which  led  up  to 
their  discovery. 

We  will  begin  with  the  eloctrio  epnrk.  Two  types  of  Lnstruments 
are  employed  to  produce  disruptive  electric  diBcharges ;  the  Wims- 
huret  or  Holtz  Influence  Machine  which,  by  merely  turning  a  handle 
produces  eleck'tcity  at  a  high  pressure.  The  other  inatrument  is  an 
induction  coil,  and  it  is  the  latter  which  I  wilt  use  to-night  in  carry- 
ing  out  my  experiments. 

The  Induction  coil  consists  of  a  coil  of  iosul&ted  thick  wire 
bonnd  round  a  bundle  of  soft  iron  wires,  such  as  I  show  you  here* 
This  is  called  the  primary.  It  is  introduced  into  the  interior  of  a 
laz^  coil,  consisting  of  a  great  length  of  very  fine  insulated  copper 
wire ;  this  is  called  the  secondary.  In  this  instrument  hero  to-night 
there  are  about  nine  m.iles  of  tine  copper  wire.  The  action  of  this 
instrument  is  baaed  npon  the  discovery  made  in  this  place  by  that 
great  philosopher  and  experimentalist,  Faraday «  If  a  current  of 
electricity  be  passed  through  the  primary  coil  at  the  moment  of 
starting  it,  there  is  a  current  induced  in  the  secondary  coil  in  a 
reverse  direction ;  and  when  the  current  is  broken  in  the  primary, 
there  is  induced  a  powerful  reverse  current  in  the  secondary  ;  so  that 
at  each  make  and  break  of  the  current  in  the  primary  we  have  two 
onrrenta  correepondingly  induced  in  the  B6condj3^y  in  opposite  direc- 
tions, but  at  a  much  higher  potential. 

The  current  induced  in  the  secondary  when  the  current  is  broken 
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itttbe  ^nm&zy^  i»  about  fifty  times  more  powerful  tlian  the  ourreot 
pfodofied  %i  the  tn^ko  in  the  primary.  In  this  way  if  tbe  term  id  ok 
of  1^  e«Qot]dai^  are  widely  separated  only  one  of  the  induced 
emrants  liu  vu'fficient  energy  to  epark  acroBs,  go  that  the  secoDdary 
diicifaarge  Is  thiie  rendered  unidirectional.  A  cam  mutator  introduced 
in  the  primftry  circnil  enables  the  operator  to  make  either  end  of  the 
Momdary  a  plus  or  a  minnB  pole  at  wlU. 

Indttotion  coils  are  usually  supplied  with  a  epring  hammer  break 
lifiped  with  platinmn,  which  automatically  makes  and  breaks  the 
etureoi  in  the  primBry,  but  to-night  I  shall  use  instead,  a  simple 
forts  of  mercury  break.  This  consists  of  a  tank  or  small  vessel  con- 
tuning  mercury,  into  which  ono  end  of  the  primary  of  the  coil  dips. 
A  small  electric  motor  is  placed  in  an  inclined  position,  so  that  its 
ftliindle  with  a  fimall  copper  blade  attached  at  right  angles  to  it  dips 
down  obliquely  into  the  va&Eel  containing  the  mercury.  The  batt^^ry 
ba»  then  one  of  its  poles  attached  to  the  other  end  of  the  primary 
ooil,  while  the  other  pole  of  the  battery  is  attached  by  means  of  a 
Bpnng  to  the  spindle  of  the  motor.  It  is  so  placed  that  as  the  motor 
the  blade  at  its  eod  dips  into  the  mercury,  and  in  this  way 
good  contact  and  the  current  of  the  primary  is  made;  as  it  ro- 
it  comes  out  of  the  mercery  and  so  the  current  in  the  primary 
it  tuidenly  broken.  To  avoid  arcing,  the  mercury  is  covered  to  a 
QOBBiieimble  depth  with  paraffin  or  alcohol.  In  this  way  we  can 
emtrol  Ih©  number  of  breaks  which  we  can  produce,  and  if  the  motor 
)•  nmning  at  the  same  speed,  the  same  number  of  makes  and  breaks 
can  be  repeated  in  the  same  period  of  time.  The  speed  of  the  motor 
iiregulated  by  a  small  adjuBtable  resistanoe.  The  higher  the  voltage, 
the  grenter  speed  is  required  iu  the  motor* 

In  order  to  incieiso  the  efficicnoy  of  the  coil  a  condenser  is  always 
toCrodnoed  ts  a  shunt  to  the  primary  across  the  break  terminals.  A 
ecnkdexmer  consists  of  sheets  of  tin  foil  with  sheets  of  paraSin  paj>er 
betwai*ii  ia  such  a  manner  that  the  odd  numbers  of  the  sheets  of 
tin  foil  are  all  joined  together  and  the  even  numbers  arc  all  joined 
together,  aod  this  arrangement  allows  the  sheets  of  tin  foil  to 
be  oppositt-dy  charged,  and  allows  the  break  in  the  primary  with 
to-dinary  speeds  to  be  more  ituddcn.  Now  when  I  start  the  break  aod 
tarn  on  the  current  yon  see  the  spark  leaping  acrose  between  the 
teiguoA3&.  Sparks  of  this  kind  were  much  studied  after  the  inventiou 
of  the  first  electric  machine  about  200  years  ago,  which  produced 
tliem,  and  I  will  now  show  you  some  peculiarities  of  these  Hparkd. 

O&Od  a  spark  has  passed  through  the  air  aod  broken  it  down^  it  so 
illera  Iko  molecules  that  it  makes  it  easier  for  another  spark  to  follow 
is  its  walcfi.  Instead  of  the  knobs  we  take  two  vertical  wires  parallel 
to  «aeh  other  and  connect  them  with  the  terminals  of  the  coil,  and 
on  the  current  you  see  the  spark  begins  at  the  bottom  of  the 
mad.  each  succeeding  spark  takes  place  higher  up  than  the  pre- 
IM*  ojM  ;  in  this  way,  you  have  as  it  wore,  a  ladder  of  flame*  Thd 
imidu  if  that  the  dscompoBod  parts  of  air  hy  reason  of  the  heiat  pro- 
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di]oe<l  by  the  Bpark,  risee  ft  little  and  forms  an  easier  patb  for  the 

BiacctiediDg  spark.  Tho  conducting  power  of  the  air  is  so  gready 
iuereased  that  the  ftpark  will  somelimes  prefer  to  follow  tlie  path  of 
this  altered  air  in  preference  to  metal,  which  is  Bach  an  excellent 
conductor  of  clectricii^'. 

It  is  only  natural  that  experimentalistB  should  have  wondered 
how  this  electric  discharge  woiild  behave  if  it  was  allowed  to  pass 
through  a  vessel  from  which  the  air  had  been  puunped  out.  Fan^y, 
X  think,  wa&  the  firet  to  call  attention  to  the  pecttliflr  appearance  of 
the  electrical  discbarge  in  rarefied  air.  In  the  13tb  Series  of  bis 
Experimental  Researcbea  on  Electricity^  1838,  be  observes  : — 

^'  I  will  now  notice  a  very  remarkable  instance  in  ibe  luuunous 
diEcharge,  accompanied  by  a  negative  glow,  which  may  perhaps  be 
correctly  traced  hereafter  into  diBcharges  of  much  higher  intensity. 
Two  brass  rods  0*3  of  an  inch  in  diameter,  entering  a  glass  globe  on 
opposite  sidee,  had  their  ends  brought  in  contact,  and  the  air  about 
them  very  much  rarefied*  A  discharge  of  electricity  from  the 
machine  was  then  mad©  through  them,  and  whilst  that  was  continued 
the  ends  were  fieparuted  from  each  other.  At  the  moment  of  separa- 
tion a  continuous  glow  came  over  the  end  of  the  negative  rod,  the 
positive  termination  remaining  quite  dark.  As  the  distance  was  in- 
i^reascd,  a  purple  stream  or  baze  appeared  on  the  end  of  the  positive 
rod,  and  proceeded  directly  outwards  towards  tho  negative  rod, 
elongating  as  the  interval  was  enlarged,  but  never  joining  the 
negative  glow^  there  being  always  a  dark  i^pace  between^  This 
space  of  about  ^  or  ^^^^  inch  was  apparently  invariable  in  its  extent 
and  its  positive  relatiim  to  the  negative  rodj  nor  did  tho  negative 
glow  vary.  Whether  the  negative  end  were  inductrio  or  inducteous, 
the  same  efiect  was  produced.  It  was  strange  to  see  the  positive 
purple  haze  diminish  or  lengthen  ob  the  ends  were  Beparated,  and 
yet  this  dark  space  and  the  negative  glow  remained  unaltered." 

You  may  look  upon  ^ts  as  the  fii-st  step  towards  the  dteeovery 
of  X-rays. 

D©  la  Bue,  Miiller,  Gassiot,  Spottiswoode  and  Geiesler,  all  did 
excellent  work  in  studying  electric  discharges  through  vacuum  tubes. 
After  the  discovery  of  the  mercury  pump  by  Dr,  Herman  Sprongel 
tlie  degree  of  exhaustion  of  theee  tubes  was  rendered  far  more 
perfect.  Professor  Hittorf  had  douo  some  very  fine  work  in  Germany 
with  these  highly  exhausted  tubee,  and  then  Sir  William  Crookee,  in 
this  country,  did  his  remarkable  researches  between  IdTl  and  1875» 
By  carrying  exhaustion  to  a  higher  degroe  than  had  ever  been  pre- 
viously attained,  hu  came  to  the  conclusion  that  the  particles  of  ^)X 
remaining  in  theee  highly  exhausted  tubes  behaved  so  differently 
from  an  ordinary  gas,  that  he  considered  it  to  have  attained  a  fourth 
condition  of  matter,  which  he  called  radiant  maUer^  so  that  we  could 
no  longer  only  speak  of  solids ^  liquids  and  gases,  but  had  to  include 
radiant  matter.  The  gas  in  the  tube  assumes  this  condition  when 
the  vacuum  is  about  a  miUioDth  of  an  atmosphere;  in  other  words^ 


m^ 


t^t  X-Iiojff  and  Lo^aUBititom, 


lar 


if  » tube  i«  Woken  iind  air  is  all*>W€j(!  to  rush  m  throngli  tlio  opening, 
tbcre  is  ftbont  a  million  tunes  mor^  air  in  it  at  the  ordinary  pressure 
thiA  WHS  tbe  case  before  tbe  opening:  wae  made.  When  we  pass  ft 
JMiftrge  throngli  sncb  a  tube  from  the  negative  or  cathode  side,  a 
of  pftrticlea  starts,  and  anything  upon  which  tboj  impinge  is 
to  glow.  This  oathode  ray  baa  the  capacity  of  producing 
pmi>  boat ;  it  will  make  platinum  red  hot,  and  e^en  melt  it ;  it  will 
cum  imbstuioes  to  fluoresce  and  phosphoresce  ;  it  will  only  travel  in 
itiugbl  Hues,  it  will  not  turn  round  comers,  and  it  is  deflecteil  hy  a 
iiiag&et ;  it  wUl  cast  shadows  of  any  solid  sabstances  placed  in  its 
pitk 

All  tbeee  obserrations  had  been  made  by  Crookes,  and  necessarily 
«naled  much  interest.  Dr.  Philip  Lenard,  in  1894,  endeavoured  to 
tilig  Uie  cathode  rays  outside  tbe  tube  into  the  open^  and  as  glass 
m  of»que  to  them,  he  endeavoured  to  make  an  opening  for  them  by 
iatrodiioing  a  small  window  of  thin  alumiQium  foil  opposite  the 
Ollibode*  He  succeeded,  for  the  rays  which  passed  through  his 
ilmlatum  window  produced  fluorescence.  They  affected  a  photo- 
gnphic  plate.  He  fouud  that  they  would  page  through  thin  sheets 
of  ilmnlnium,  and  OTcn  of  copper ;  be  also  found  them  to  affect  a 
photographic  plate  through  metal, 

Profeeaar  Kontgen  of  Wiirtzburg  took  up  the  subject  where 
I^trd  left  it.  When  I  had  tbe  pleasure  of  an  interview  with 
Frofesi*>r  Bontgen,  shortly  after  his  discovery,  I  asked  him  what 
mteetiou  he  had  in  his  mind  when  he  commenced  the  research .  Ho 
■aid  thai  he  was  looking  for  any  iu visible  rays  that  might  be  pro- 
hmi  from  a  Crookes'  tube.  The  next  question  1  asked  him  was, 
vbj  had  he  used  a  screeu  of  Barium  plutino-cyanide.  He  replied 
lliit  he  bad  used  this  substanoe  because,  by  its  brilliant  fluorescence 
11  was  capable  of  revealing  the  invisible  rays  of  tbe  spectrum^  He 
tksa  told  me  that  he  bad  covered  the  Crookes'  tube  with  black  papor, 
■Q  that  when  it  was  excited  by  the  electric  current  no  visible  light 
§e©D^  hut  he  suddenly  observed  thut  a  piece  of  cardboard,  which 
isid  been  covered  with  crystals  of  Barium  platino-cyanide,  glowed 
hrilliftatly.  I  asked  him  what  ho  thought  when  ho  saw  this.  His 
»»ply  waSj  **  I  did  not  think ;  I  experimeuted,"  H©  showed  me  the 
original  screen  with  which  this  great  discovery  was  made,  and  1 
iBggetled  that  such  an  historical  screen  should  be  carefully  protected 
b  »  gkas  case,  and  I  trust  that  my  suggeetion  has  been  carried  out. 

Bft  flpeedily  found  that  various  subatanees  interposed  between  a 
Gmokm*  tube  and  a  fluorescent  screen  allowed  the  rays  to  pass 
tbmugh  iu  varying  degrees,  and  doubtless  he  was  iiumooBt^ly  surprised 
tad  iut^^rested  to  observe  that  when  he  i  titer  posed  his  hand,  bis 
banes  itiaide  his  flesh  were  revealed  on  the  screen.  One  of  the 
tarliest  experiments  which  he  tried  was  to  takd  a  ] photograph  through 
«  deal  door  between  two  of  bis  laboratories.  Ho  placed  tbe  tube  on 
<mv.  dde  of  tbe  door  and  aflixod  to  it  a  strip  of  platinum,  and  at  a 
oorrespunding  part  on  tbe  other  side  of  the  dour  be  placed  a  photo- 
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graphic  plale.  He  then  excited  the  tube  h\  the  electric  cm'Teni,  anfl 
then  d€Teloped  the  pbotognhphic  plate.  He  found  the  image  of  hii 
Btrip  of  platiDain,  as  he  expected,  bat  ho  also  found  a  second  Etrip 
which  he  could  not  explain.  On  exanumng  the  door  he  found  that 
the  unexpected  strip  came  to  be  oppcwite  the  betding.  It  wb«  a  pine 
door,  VArnisbed  but  unpaiuted.  At  first  he  wondered  whether  the 
addidonal  thickness  of  the  beading  would  accoant  for  the  unexpected 
sirtpt  bat  he  found  wood  so  transparent,  that  thtsTiew  was  untenable. 
He  then  removed  the  beading  &om  the  door.  The  explanation  was 
then  obTioua.  Some  white  lead  hati  been  used  to  cement  the  strip  to 
the  door,  and  it  was  the  white  lead  which  by  its  density  had  caused 
the  shadow  on  the  photographic  plate. 

It  is  lemarkable  that  Prof^^sor  Bontgen,  in  his  original  com- 
munication concerning  the  X*rajs»  described  almost  all  the  properties 
which  they  are  known  to  possess.  Very  little,  indeed,  has  been  added 
duting  these  seren  years*  The  chief  adf  auce  has  been  in  the  methods 
<jf  thoir  appHcatioD  to  surgical  and  medical  work. 

I  will  now  explain  how  the  X-rays  take  origin  in  a  Crookea'  tube. 
This  rough  model  illustrates  the  path  of  the  cathodal  stream  by 
means  of  these  cords.  A  curbed  cathode,  similar  in  ehape  to  an 
ordiuary  reflector,  is  made  of  alumimum.  The  cathode  rays  emerge 
from  it  normal  to  its  surfaoe  and  converge  towards  a  point,  then 
proceed  for  a  short  distance  in  a  straight  line,  and  then  gradually 
diverge — wherever  thi^  cathodal  stream  impinges  upon  solid  matter  X-ratfs 
take  their  ortQin.  From  what  has  been  previously  said,  it  would 
naturally  occur  to  you  that  X-rays  moat  have  been  produced  long 
before  they  were  discovered.  This  is  so.  Looking  backward,  we 
now  know  that  Crookes  in  his  j-esesJ^hes  must  have  been  producing 
X-rays  hotn  his  tubes.  Lenard,  no  doubt,  had  X-rays  intermingled 
with  the  cathode  rays  which  he  had  so  laboriously  got  outside  his 
tubes.  In  the  early  tabes  which  Routgeu  nsed,  the  cathode  stream 
was  allowed  to  impinge  upon  the  bottom  of  the  glass  tube.  The  coO' 
sequence  was  that  the  X-rays  took  origin  from  a  more  or  less  large 
surface,  and  consequently  the  photographs  produced  by  a  tabe  of  this 
kind  were  uecoesmly  rather  blurred;  but  Frofessor  Jackson,  of 
King^s  College,  London,  suggested  putting  in  the  interior  of  the  tube 
a  metal  anode,  inclined  as  you  see  in  this  modern  tube,  and  in  this 
way  the  converging  cathode  stream  from  the  concave  cathode  impinged 
upon  the  platinum  target,  giving  rise  lo  X-rays  richly  from  a  com* 
paratively  small  point  or  surface.  This  model  served  to  illustrate 
what  happeus.  The  slide  now  thrown  upon  the  screen  illustrates  the 
importance  of  the  proper  distance  of  the  anode  irom  the  cathode.  It 
should  be  so  placed  as  to  meet  the  cathode  stream  at  its  narrowest 
part.  The  impact  thus  gives  rise  to  a  rich  production  of  X-rays  frooi 
a  poiut^  and  sharp  shadows  on  the  fluorescent  screen  or  photographic 
plate  are  thereby  produced. 

A  matter  of  some  practical  importance  is  that  all  parts  of  ib« 
tubu  which  fluoresce  green  give  off  X-rays  to  some  extent     And 
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tyii  i  ikarp  eliadow  of  an  object  is  being  cost  on  a  photographio 
pktfl  by  ihe  point  oo  tbe  anode^  a  blurred  image  ia  being  produced 
&m  ^t  large  and  diffaBe  area  of  the  bulb.  These  rays  from  the 
glia  may  be  called  eecondarj,  and  photographically  are  about  Bir  to 
H  ^mm  weaker  than  the  primary  rays. 

A  ilrip  of  lead  ^  inch  wide  and  too  thick  to  let  any  X-rays  paaa 
lliv&gbt  waa  applied  clo&ely  to  the  tube — it  caat  a  shadow — no 
(fiiBirj  X-ray  a  could  reach  the  plate  within  the  shadow ;  but  the 
tvo  h^rm  of  the  fluorescing  glass  supplied  diffuse  X-rays,  and  the 
ilido  ahowQ  two  shadows  of  a  single  wire  interposed. 

Tu  cut  oU  the  superfluous  rays  which  fog  and  blur  the  true 
X-my  unage  1  sarronud  the  tabs  witk  non-<!OH ducting  opaque  mn- 
tenal— red  lead,  red  lead  and  plaatar,  or  place  it  in  a  box.  lined 
m^  a  mixture  of  white  and  red  lead  with  a  small  hole  in  the  lid 
to  tot  aa  a  diapkragni. 

The  propertied  of  X-rays  may  be  very  shortly  summed  up  as 
feUowi:— ikoy  proceed  in  straight  lines  from  their  point  of  origin 
m  tb«  anode  lo  the  destination^  be  it  a  photographic  plate  or  a 
flnofeaoent  screen.  They  are  inyisible*  Tboy  cannot  be  refracted, 
tad  they  cannot  be  reflected,  except  to  a  small  extent,  and  then  only 
■catlered  reflection,  just  as  light  is  reflected  from  white  paper. 
sy  eaoae  oertain  etibstatices  to  fluoresce.  (This  screen  was  kindly 
Bftde  for  me  by  MesHTS*  Johnson  and  Matthey.)  They  darken  a 
phic  plate ;  they  pass  through  subatances  in  the  order  of 
atomic  weights,  the  lighter  and  less  dense  the  substance,  the 
readily  do  they  pass  tkrough,  and  therefore  all  organic  sub- 
are  oomparatiTaly  transparent,  while  motals  are  more  or  less 
fift^ne  aooording  to  the  thiekDess  ;  they  also  h&ve  the  power  nt  die^ 
efaming  elec trifled  bodies.  The  tube  when  worked  by  a  coil  with  a 
npid  interrupter  is  illuminiitt-d  continuously,  ami  the  eye  gets  the 
on  that  the  emission  of  X-rays  is  coutinnons,  just  as  the 
of  light  from  a  candle,  but  the  impulse  uf  the  coil  is  inter- 
the  impact  of  the  cathodal  ray  is  intennittent^  and  the  out- 
put of  the  X-rays  is  intermittent.  If  we  reduce  the  speed  of  the 
kftk  the  light  in  the  tube  is  seen  to  flickt^r,  if  the  speed  of  the 
hmk  is  ioereased  ^e  light  apparently  becomes  continuous.  This 
iidne  to  #  limitation  in  the  human  eye.  If  an  impression  of  light 
t«  giTeo  to  the  eye,  however  transient,  it  lasts  for  ono-tenth  of  a 
NCQod,  and  if  the  impressions  are  repeated  oftener  than  ten  times 
i  leconrl,  the  impression  upon  tlio  eye  is  that  of  a  continuous  illu- 
BoiuatioQ*  The  iutermittenoe  of  the  highest  rate  of  speed  is  shown 
^f  the  rapid  rotation  of  a  small  fluoresoeat  screen.  This  experiment 
mm  that  the  light  produced  in  the  fluorescent  screen  is  also 
tftftiieDt.  This  Itunineeoanoe  is  in  marked  contrast  to  the  lasting 
Iti&iiiefioence  which  ia  termed  phosphorescence. 

Dmriog  Lord  Raylmgh'a  recent  lectures  here  on  Saturday  after- 
on  recent  Electric  De-velopmentH,  I  was  much  interested  m  his 
~  of  prodaoing  a  rery  sudden  break  in  the  primary  of  the  coil 
Vol.  XYIL    (Ni*.  96.)  k 
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hf  dividing  a  wire  by  a  bullet  fired  from  a  pistol.  He,fiho«tred  tb&t 
the  Bodden  break  gaYe  the  full-leBgth  spark  in  the  coil  without 
nsing  a  oondenser.  I  at  onco  tried  the  efiect  of  this  discharge 
through  an  X-ray  tabo  and  fanud  that  a  very  brilliant  illumination 
of  the  tube  took  place  euiEcieiit  to  ta^e  a  photograph  (show  photo- 
graph on  the  screen).  It  than  occtirr&d  to  me  that  if  I  interposed 
the  revolTer  nozzle  with  the  wire  in  front  of  it,  between  the  tube 
and  the  photographic  platfl,  that  possibly  a  flash  from  the  X-rsy 
tnbe  would  be  quick  enough  to  cast  a  shadow  of  the  bullet  in  its 
flight  on  the  photog?aphio  plate  immediately  after  the  division  of 
the  wire  bad  taken  place.  This  I  aooompliiSied  (show  slide  on  the 
Boreen).  The  shadow  of  the  bullet  is  blnrred  showing  that  the  X- 
mys  flaab  had  lasted  too  long^  and  this  in  marked  contrast  to  the 
beautifully  sharp  photographs  taken  of  bullets  by  Professor  Boyd 
by  means  of  tbe  discharge  Ley  den  jar.  I  repeated  this  experiment 
with  a  revolver  with  a  muzzle  velocity  of  800  feet  per  second,  and 
found  in  two  independent  negatives  that  the  track  of  the  bullet  was 
approximately  the  same  length  and  had  begun  at  the  same  distauoe 
from  the  broken  wire.  With  a  Mauser  pistol,  the  muzzle  velocity 
being  1400  feet  a  second,  I  failed  to  get  an  image  of  the  bullet 
within  10  inches  of  the  stretched  copper  strip,  bnt  got  several  blurred 
images  of  this  copper  atrip,  which  on  this  occasion  I  used  instead 
of  wire;  the  vibrations  produced  in  tb©  broken  strip  giving  rise 
to  many  shadowa  according  to  its  varying  jweitions.  The  results  of 
the  experiments  go  to  show  that  with  the  revolver  which  had  an 
initial  velocity  of  800  feet  a  s^ond  wherever  oscillations  may  have 
beeu  produced  in  the  coU,  the  duration  of  tb©  X-ray  flash  was  about 
¥uW  <^f  *  second.  1  will  now  show  you  the  flash  in  tbe  tube 
interposing  the  fluorescent  screen  by  dividing  this  wire  by  the  pistol, 
which  I  now  show  yoiu  I  advise  yon  to  close  your  ears  so  that  the 
noise  may  not  interfere  with  your  observing  tbe  flash* 

We  now  pass  on  to  the  action  that  X-rays  have  upon  the  photo- 
graphic film.  Btintgen  rays  while  producing  changes  in  photograpbic 
plates  in  many  respects  similar  to  light  yet  differ  in  some  important 
respeots.  For  example^  I  have  here  six  Alms,  In  tbe  dark-room 
they  were  placed  in  a  bag  Buperimposed  like  a  pack  of  card^.  I  put 
my  fingers  upon  the  films  and  gave  a  short  exposure  to  the  X-rays. 
The  films  wore  numbered,  tbe  top  one  numbered  one  and  so  on,  and 
the  last  one  numbered  six.  Ou  developing  these  films  all  in  th^ 
same  way,  hardly  any  diflerence  could  be  detected,  the  first  and  last 
were  almost  equally  good,  so  that  the  X-rays  do  only  partial  work 
in  producing  a  photograph,  although  the  firet  film  produced  a  firm 
strong  negative,  yet  sufficient  rays  pass  through  and  do  equally  good 
work  ou  the  films  below. 

There  is  one  advantage  in  this  that  in  cases  where  one  is  doubtful 
of  the  exposure,  two  or  more  films  can  be  placed  together  and  if  tbe 
exposure  be  correct  two  negatives  are  obtained,  and  if  the  exposure 
has  been  too  short  by  accurately  BUperimposing  the  films  a  picture 
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4  iofficieail  d^nsitj  oould  be  obtained,     fint  there  is  auother  and 

ma  fftrikmg  difference  between  the  action  of  light  upon  a  photo- 

ginflbic  film  mikd  X-raje^     Before  eajing  more  Dpoa  this  ma  Iter  I 

fill  hk»  m.  plioftograpb  by  means  of  X-rajs  now.     In  thia  piper  bag 

ihm  b  m  plftte  S)  Inchee  by  24  inchea.     It  la  laid  upon  the  table 

ttd  span  it  i«  placed  a  metal  design.     The  tube  m  now  plac^  above 

li,  and,  excited  by  tbe  coiU  produces  X>rayB.     The  metal  fitopa  the 

MNige  of  the  X-rays  reaching  the  Blms,  bnt  all  the  part  not  coyered 

if  the  metal  reoeivea  the  X-ray 8,  because  the  paper  envelope  tboagh 

kiag  quite  opaque  to  light  is  transparent  to  the  Eootgen  taj&.     The 

mmi  itrooeeding  after  the  eicposure  is  made  is  to  take  the  plate  into 

ttt  anal  dark-room  and  df^velope  it  in  th&  u^nal  way,  but  I  think 

it  would  be  more  intereatiDg  to  you  if  I  derelopc^  this  plute  before 

you  in  this  room.     I  therefore,  now  that  the  tipoaure  is  complete^ 

ttke  it  out  of  its  coveriDgs,   and   it   is  now   b<iiDg  exposed   to  this 

bnlliant  electric  light,  and  no  doubt  many  suppose  that  with  this 

mmmye  ezpoeaie  to  ordinary  light  that  the  X-ray  picture  will  be 

ftfgad  Ottt  and  spoilt.     Bnt  I  hope  that  this  will  not  be  the  case. 

I  now  pat  it  in  tbe  deTelopiog  dish  and  allow  the  developer  to  flow 

ofir  it  in  tbe  qsual  way^  and  if  this  ex[)erimeDt  is  as  snccessful  as 

lis  fiebaareal  ones  have  been,  I  think  you  will  see  the  photograph 

mflnally  appear.     The  pieturo  you  see  is  the  reverse  of  the  nsual 

X-ray  neggti Ye ;  in  the  ordinary  negative  the  part  of  the  film  that  has 

bita  protected   by  an    opaque   substance  appears  naturally    white 

iNme  the  silver  salts  are  dissolved  out  by  the  fixing  solution; 

•liar  d«T«lopiii«Qt  in  this  case  the  metal  part  is  black  atid  the  unpro- 

lect«d  film  i»  oom|jaTatively  light.     As  far  as  my  scauty  leisure  will 

libw  I  have  carried  out  a  few  experiments  testing  the  effect  of 

X^myi  and   light  combing   upon  various   kinds  of  photographic 

plalai,  and  the  explanation  of  what  yon  have  witnessed  is  given  by 

iilide  which  I  will  now  show  upon  tbe  screen.     It  is  a  remarkable 

itit  Ihftl  if  a  photographic  plate  he  exposed  to  ordinary  light  for  a 

Milditftble  time  and  then  exposed  to  X-rays  for  a  detiuite  time,  that 

A*«ffi|ct  is  entirely  different  to  what  occurs  if  the  order  if!  reversed, 

te  if  to  say,  if  a  plate   is  previously  exposed  to   X-rays  for  a 

definite  time  and  then  to  ordinary  light. 

Th«  ii^ti  «lide  is  from  a  negative  where  the  exposures  to  X-rays 
^iftd  to  light  were  made  in  strips  at  right  angles  to  each  other.  You 
*iU  notiod  the  reversal  produced  by  the  X-rays  throughoutf  the  oom- 
^iaad  iclion  of  X-rays  and  then  light  making  the  film  lighter  than 
u>4  tepamte  action  uf  either.  It  seems  to  me  that  these  curioua 
"•fftcti  are  well  worth  a  systematic  investigation.  [Slide ;  it  came 
if  uidinarily^  and  then  suddenly  reversed  and  remained  aa  now 

I  am  pleased  to  he  able  to  express  my  thanks  to  Dr*  Pi  ad  ley,  for 
Ui  help  in  oftrrying  out  some  of  theae  photographic  experiments. 
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I  must  BOW  leave  the  pbysi(»l  side,  and  proceed  at  onee  to 
teU  you  somethiug  ne  to  the  surgical  application  of  these  rays  in 
locftting  bnttetSt  etc.,  in  tlie  human  body.  From  what  we  have  fleen 
this  evening,  yon  wUl  readily  uoderstand  that  an  X-ray  photograph 
IB  eimply  a  shadow  of  the  object  interposed,  and  the  appearance  of 
a  single  photograph,  however  realistic,  gives  no  reliable  or  accn- 
rate  guide  as  to  the  actual  relative  position  of  the  parts.  An  X-ray 
photograph  is  simply  a  central  projection.  It  soon  became  necessary, 
when  the  use  of  X-rays  became  more  general  in  surgical  practice, 
that  some  means  should  be  adopted  to  give  reliable  data  for  the  posi- 
tion of  bullets,  needles,  etc,,  in  the  body.  Various  plans  have  been 
suggested,  but  the  one  which  I  shall  describe  to-uight  is  th.e 
with  which  I  am  most  familiar,  and  one  which  gives  results  as 
rate  as  irossible.  The  method  may  be  shortly  described  as  follows  t— 
The  anode  of  the  Crookes'  tabe  is  placed  vertic^ly  above  a  point 
where  two  stretched  wires  intersect  each  other  at  right  angles^  The 
vertical  distance  is  moaenred  and  noted  down.  The  tube  is  attached 
to  a  holder  which  slides  along  a  horizontal  bar^  aud  this  bar  is  care- 
fully arranged  })arallel  to  one  of  the  wires.  The  tube  is  then  dis- 
placed 3  centimetres  to  one  side  of  the  zero,  a  scale  on  the  horisEontal 
bar  enabling  this  to  be  done  correctly.  The  part  of  the  patient  to  be 
photographed  is  now  placed  upon  the  cross  wires,  whieh  are  usually 
stretched  over  a  spsce  covered  by  stretched  calf-skin.  The  wiree  may 
be  brushed  over  with  some  aniline  dye,  so  that  the  mark  of  the  cross 
wires  may  bo  left  upon  the  patient's  skiu.  The  photographic  plate 
is  now  placed  boneath  the  cross  wires,  and  pressed  tightly  against 
the  parchment.  One  exposure  is  made.  The  photographic  plate  is 
then  removed  and  a  fresh  one  put  in  its  place;  the  tube  is  then 
brought  back  to  zero  and  moved  8  centimetres  the  other  side,  and  s 
second  photograph  is  taken.  Theee  two  photographs  will  ghow  a 
parallactic  displacement,  as  they  have  been  taken  from  two  points 
6  centimetrea  apart,  approximately  the  distance  between  our  two 
eyes ;  they  will  not  be  exactly  alike,  and  if,  for  example,  we  wstx! 
locating  a  needle  in  the  hand,  the  different  pusitton  of  the  needle  in 
each  photograph  in  relation  to  the  cross  wires  can  be  at  once  shown 
by  taking  a  tracing  from  each  negative,  with  a  sheet  of  celluloid  with 
a  cross  marked  upon  it.  The  celluloid  is  put  upon  the  photographic 
film,  and  the  cross  upon  it  is  brought  into  register,  that  is,  super^ 
imposed  over  the  shadow  of  the  crossed  wires  in  the  ucgative.  A 
tracing  is  then  made  of  the  needle,  and  the  same  is  done  with  the 
other  negative,  and  it  will  then  be  found  that  the  needle  images 
occupy  dilFerent  positions.  To  interpret  this  I  use  an  apimratuti 
called  a  crosB-threai!  localiser,  which  enables  a  graphio  reconstruction 
of  the  conditions  in  which  these  negatives  were  taken. 

The  crotss-thread  looaliser  consists  of  a  large  sheet  of  glass  witb 
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two  U]MR«oc»tohed  apoa  it  at  right  angles  to  mch  other,  and  orossing 
it  tbft  middlo  point.  A  small  T-pieo©  of  raotal  with  three  notches 
m  itie  etipportod  on  t^  Tartioal  rod,  and  can  elid@  up  and  down.  It 
is  so  &rmtiged  that  the  three  notchea  are  in  a  line  parallel  with  one 
of  the  diamond  scratches,  and  three  centime trea  separate  the  centre 
ivfeeh  from  the  adjacent  ones  on  either  aide.  The  tracing  from  the 
aefitiveg  on  the  cellnloid  is  placed  npon  the  stage  with  the  crosses 
nperimposed.  The  metal  support,  with  the  notches  is  then  fixed  so 
■I  to  be  the  same  height  from  the  etihge  as  the  anode  waa  from  the 
OQ«-wu^e&  The  two  lateral  notchee  now  represent  the  two  positions 
to  wMoh  the  anode  of  the  Crookes'  tube  was  respectivelj  dieplaced, 
11^  as  X-rays  travel  ia  stmght  lines  without  deviation,  fine  threads 
an  be  used  to  trace  their  path.  Therefore  if  a  thread,  attached  to  a 
Mtdift,  10  placed  npon  the  end  of  the  tracing  of  one  of  the  needles, 
tid  ft  tkread  through  the  other  notch  is  placed  apon  its  own  shadow 
«t  a  aorreEponding  point  of  the  needle,  the  threads  wit!  intersect, 
«d  the  point  where  the?  uiterseot  represents  tbe  actual  position  in 
wpmm  of  that  end  of  the  needle.  Now  the  distance  of  this  point  of 
iaiflneotion  from  the  photographic  plate  is  the  actual  depth  of  that 
fotDt  below  the  surface  of  the  patient's  akin  next  the  photographic 
pUle.  If  a  perpendicular  plane  be  raised  iipon  each  of  the  hori-^ 
lonM  wires,  and  the  vertical  distance  from  each  taken,  we  get  three 
■maummriinfii  which  enable  us,  firom  the  markings  of  the  cross  on 
tbe  pAti«nfi  hand,  to  fix  a  point  upon  his  skin  beneath  which,  at  a 
known  depth,  the  foreign  body  is  certain  to  be  found.  In  geometrical 
kftgaage,  we  get  three  co-ordinates  of  the  point  in  relation  to  three 
|liae«  at  right  angles  to  each  other,  and  as  the  relation  of  tbe  patient's 
mj  lo  these  planes  is  also  known,  it  is  a  simple  matter  to  decide 
tbs  actual  position  of  the  needle  or  other  foreign  body ;  more  than 
Ihe  size  and  shape  of  the  foreign  body  can  be  ascertained.  But 
two  photographs,  while  enabling  this  information  to  be  derived 
them  of  ordinary  triangulation,  are  really  stereoscopic,  and 
viewed  in  a  Wheats ton(?*a  stereoscope  by  an  observer  possessing 
vision,  tbe  eyes  will  triangulate  the  negatives,  as  it  were, 
negatives  should  give  a  combined  image  in  perfect  stereoscopic 
ttlief»  m  that  hy  this  method  not  only  can  actual  measurements  ana 
^  bo  given  to  the  surgeon,  but  a  view  of  the  parts  be  also  afiorded. 
Am  in  indication  of  how  reliable  this  method  Is,  I  will  mention  that 
I  bare  applied  it  in  detecting  very  minute  particles  in  the  eyeball 
■ad  orbit  in  a  great  nnmber  of  cases,  and  this  proves  of  signal  service 
ia  eye  turgerj.  I  have  detected  and  located  in  tbe  eyeball  particles 
of  ghuftt  steel,  brass,  iron,  copper »  silver  and  lead.  The  method  for 
Wifmtimi  is  hosed  upon  the  same  principles. 

In  wartee  as  well  as  in  civil  Ufe  the  X-rays  when  properly  used 
in  of  invalnahle  service,  and  I  consider  that  the  stereoscopic  method 
ii  of  the  highest  value  in  giving  the  madmum  and  accurate  informa- 
bqh  that  ocmld  possibly  be  afforded  by  X-r^s»  ScTcral  examples  of 
teicioopie  ftkiagrams  arc  e^hitcd  in  the  Library,  and  I  am  glad  to 
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slate  tbal  there  is  also  exhibited  there  an  inatrumeut  for  obtaining 
the  fltereoaoopie  image  dit^ectlj  oa  the  flaoreeoent  Boreen, 

On  two  Docasioinfi  at  the  8oir^  of  the  Hoval  Sooietj  I  have 
exhibited  apparatus  for  giviog  the  stereoecopic  pictare  on  the  floo- 
resf^eut  screen,  but,  while  tntaresting,  they  were  Uio  cumbersome  for 
practioai  use.  The  problem  to  be  Eolved  mechanicaHy  was  q^uit© 
definite.  Two  tubes  bad  to  be  placed  opposite  the  obaerTer's  two 
efea,  the  distance  betweeu  the  anodes  preferably  shonld  be  the  eame 
di stance  apart,  namely  abont  6  centimetres,  as  the  difitanoe  between 
the  obaerTer's  two  eyes,  A  fluorescent  screen  interposed  midway  had 
to  be  ilbmiuated  by  one  tube,  and  the  shadow  of  whatever  object  waa 
cast  upon  the  &a*een  had  only  to  bo  oboerfod  by  one  eye,  the  other 
being  eclipaed^  then  the  next  tube  had  to  be  illnminated  and  then  the 
other  eye  ouly  had  to  see  the  ehadow  produced  by  it.  If  this  altera 
nating  arrangement  could  he  repeated  quicker  than  ten  timefi  a  second 
the  impresfiion  of  the  two  shadows  becomes  continuous  in  each  ey% 
the  oonsequence  being  that  the  combined  meotal  image  stands  out  in 
striking  stereoscopic  relief.  This  diagram  shows  the  principal  fea- 
tures of  the  instrument  which  I  am  exhibiting  in  the  Library.  1 
have  to  thank  my  friend  Dr.  Muirhead  for  the  help  he  has  giren  me 
in  the  constrnctiou  and  (le signing  of  this  instrument  A  prenooi 
one  was  made  for  me  by  Mr*  Cra^vley,  representing  Messrs.  Mnirheftd, 
but  which  depended  for  its  action  upon  two  synchronous  motors,  but 
the  latter  inetrament  with  the  oscillating  eye-piece  is  likely  toanper* 
Bed©  the  former. 

The  praotical  value  of  getting  a  clear  and  brilliant  atereoaoopib 
image  upon  the  screen  is  immenea^  for  not  only  are  the  parte  seen  in 
their  correct  position,  but  when  the  apparatus  is  properly  arranged^  it 
is  poesible  for  the  cbserverj  with  a  metal  probe,  needle  or  foroepi,  to 
touch  any  object  he  desires  which  he  eee€  in  the  stereoscopic  image. 

[J.  M.  DJ 
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ANNUAL     MEETING, 

Thursday,  May  1»  19011, 

Jambs  CaiOHTOif-BBOWKB,  M*D.  LL,D.   F.B.S*»  Treasurer  and 
Yice-PFeaideDt,  in  the  Chair. 

The  Aimoal  Report  of  the  Committee  of  VisitorB  for  the  year 
I901i  t^etiffitig  to  the  contiaiied  prosperity  and  efficient  management 
«{ tile  iiistitution,  was  read  and  adopted,  and  the  Eeport  on  the  Davy 
Fftjmd&y  Beaearch  Lahoratory  of  the  Royal  Institution,  which  acoom- 
paaied  it^  was  also  read. 

Fofiy-fotir  new  Members  were  elected  in  190L 

Stity-thfee  liectaree  and  Seventeen  Erenlug  Diflconrses  were 
diliif^x^  in  1901. 

The  Books  and  Pamplileta  presented  in  1901  amounted  to  about 
2o3  ?olame0,  making,  with  722  Tolumes  (including  PeriodioalB  bound) 
purchased  by  the  Managers,  a  total  of  975  Tolnmes  added  to  the 
Library  in  the  year,, 

Thanks  were  voted  to  the  President,  Treasurer,  and  the  Honorary 
r,  to  the  Committees  of  Managers  and  Visitors,  and  to  the 
for  their  valuable  services  to  the  Institution  during  the 
|Ml  year. 

The  fallowing  Gentlemen  were  unanimously  elected  as  Officers 
for  the  ensuing  year : 

P&BsiDBBrT— The  Duke  of  Northumberland,  E.G.  D.OX.  RH.8. 
Ta&AiimBB— Sir  James  Orichtou-Browne^  M.D.  LL,D.  F.H.S. 
SiOMTAftr— Sir  William  Crookes,  F<B,8. 


MAl^AaSEB. 

Bifttt  Bofi.  Urd  AlrentfliKp  G.aU .G. 

hmm  mfth^  Btrl.  J,P. 

lnd«rkJc  BMnivtll,  BArt.  aC.L.  LL.P. 

WlliiuD  Clurla  Hood,  aV.O.  M^D. 

[ftudi  ikurr  LftUne.  K.GTO.  M.U. 

Uad,%ii  PII.D.  F.R.S. 
ValUr,  Eaq.  Ph.[>.  LUB.  P.R.S. 

■lit  StiDOD,  C.V:0.  M.D.  K,R.C.R 
(Ugbl  Hoo.  Sir   Jamei  Stirling,  H,A. 

ID.  r.R,g 

*ta  ttttf  Th^rojw«ft,  iMq.  LLD.  F.R,S. 
'■^  WinitHTit,  Ek|.  K.K^S. 


YlBlTOES, 

Heupy  E,  Armitrong,  lUq.  Ph.D.  LL.D.  F.Ha 

Charlet  Edward  Beeraf,  MJ>.  F.R.C.R 

John  B.  Brotttt-Morison,  Esq.  J, P.  D.L  P.S.A, 

Pmaoid  Elgar,  Esq.  LL.D.  F.R.S.  M.Init.CK. 

Frnncis  Giiftkellj  iLq.  M.A.  F.G.S. 

Jimea  Duoda*  Grant,  M.D,  F.B.C.S. 

Lord  Grtenock,  [XL.  J. P. 

Mi  ares  Uomtr,  EJiq.  J,P.  P.R.A.S. 

Sir  Hear  J  IrTJug,  Lilt.D,  LL.[>. 

WiliKiu  xNobt«,  Eiq.  M.A. 

WtJitfir  Randal]  Pidgeon,  Um^.  M.A. 

Arthur  Rigg,  E»q. 

William  StcTens  Squir*,  E*|.  Ph.D.  K.C.3. 

HrtroU  Swithinbonk,  Isiq,  J.P.  F,R.G,S, 

Charlu  Wlghtmua,  Eaq. 
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WEEBXY  EVENING  MEETING, 

PridBj,  May  2,  1902, 

Sm  WtLUAM  Cboouks,  F.E.S^  Honorary  Secretary  and 
Vioe-President,  in  tho  Chair. 

A.  E.  TcTTOK,  Es<i.  B.SC,  RB.S.  F.C.S. 

Experimenlat  Besearchm  on  0t€  Comiitution  of  Ory»tah. 

ExpSBiusNTAL  work  ID  oonnection  with  the  study  of  crystale  ofien 
attractions  of  a  more  than  usually  fascinating  kind.  For,  in  the  ^«t 
place,  crystals  themsclvee  are  imcli  wonderfully  beautiful  objeetA^ 
tfaey  are,  indeed,  unqneetionably  the  moEt  beantifol  of  all  the  inani- 
mate productions  of  Nature.  It  ie  oTen  donbtfnl  whether  we  are 
right  in  oonsideriog  them  inanimate,  for  the  force  of  crjBtallisaiion, 
though  it  may  lie  dormant  for  thousands  of  years^  is  ever  ready, 
when  a  fiuitable  enrironment  offers,  to  reassert  itself.  In  the  second 
place,  the  study  of  cryetals  inTolves  the  investigation  of  that  mosi 
exquisite  of  all  the  forms  of  energy,  light — that  eitraordinary  effect 
of  waT^motioti  in  the  ethereal  BlUporvftding  raediam,  which  we  novr 
believe  to  be  due  to  an  oxeeedingly  rapid,  |>eriodic,  osoillatiug  change 
in  the  electrical  condition  of  the  atoms  and  moleoules  of  the  inc^n- 
doEcent  li^ht-giving  source. 

We  will  allow  ihe  beanj  of  light  from  an  dectrio  lantern  to  fall 
on  this  clufiter  of  diamonds,  carbon  in  its  most  exquisite  crystalline 
form^  Tb©  diamonds  are  arranged,  as  you  see,  in  the  shape  of  a 
crown,  and  were  generonsly  lent  for  this  lecture  by  Mr.  Strceter. 
You  observe  a  maguifioent  play  of  light  waves  rippling  towards 
you  in  every  variety  of  oolonr  and  scintillation.  The  object  of 
the  experiment  is  that  you  may  distinguish  the  two  distinct  types 
of  emanation,  namely,  exterior  reflections  of  white  light  firom*  the 
facets  and  coloured  rays  due  to  penetration  of  the  light  into  the 
interior  struct nre  of  the  diamonds,  and  Bubs6<|uent  refraction  and 
reflection  outwards  agaiu^  The  former  kind  yon  observe  best  in 
the  innumerable  images  in  white  light  of  the  carbon  points  of  the 
lanterns,  reflected  on  the  ceiling  at»d  screen. 

It  is  by  the  determi nation  of  the  direction  of  the  exterior  reflec- 
tions that  we  are  enabled  to  ascertain  the  wonderfully  regnlar  angular 
relations  of  the  various  faces  of  the  crystals  ;  and  it  ii  by  the  study 
of  the  light  which  has  penetrated  that  we  gain  the  beet  information 
concerning  the  internal  structure. 

We  shall  consider  this  evening  some  of  the  results  of  a  stndy  of 
the  crystals  of  certain   series  of  definitely  related  chemical  salts, 
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T^ere  haft  been  r  gre»t  waal  of  oorrelAt^d  work  of  this  kindj  having 
lor  ill  definite  object  the  elncidation  of  the  reUtioueliip  betweeo  tbe 
diemicftl  composition  of  a  crjstalUeed  stibstauce  and  the  peculiar  typ« 
of  fpnioetry  which  it  exhibits. 

The  salts  which  have,  up  to  the  preeent,  beeE  studied,  are  the  snl- 
wad  selenfttee  of  the  ftlk^U  metalg  potaseium,  rubidium  oad 
ina),  which  cryBtftlHge  in  the  rhombic  syBtem  of  Bymmetry ;  and 
Ihirty  members  of  the  well-known  monoolinic  series  of  double  sul- 
phates and  selenates^  oontaining  one  of  the  three  alkali -metale  just 
aeotioned,  another  metal  of  the  mugnoaium  or  iron  type,  and  six 
Doleculee  of  wmter  of  crjstallisadon. 

The  re«eareh  had  two  main  objects.     First,  to  disooTer  the  effect 

of  T^pUcing  one  alkaH-metal  by  another:  and  second^  the  effeet  of 

npl&eing  the  lighter  element,  sulphur,  contained  iu  tbe  acid  mdicle 

of  the  salt,  by  the  heavier  element,  seleuium.     The  three  metals, 

^oteMitim,  rubidium  and  ciesiutu,  belong  strictly  to  the  same  family 

flf  di«oxiioal  elements,  oecordiug  to  the  now  famous  periodic  class ifi- 

oMiaii  of  Newlands  and   MeudeleeE.     They  are  the   most  electro* 

pontiTti  metala  known,  aud  the  weights  of  their  atoms  are  related  in 

■  Bkost  Interesting  manner,  that  of  rubidium  being  the  mean  of  the 

atomic  weights  of  potassium  and  ciBsium.     It  was,  therefore,  to  bo 

aspeeted  that  any  difTeronce  of  form  or  properties  brought  about  by 

the  rsplaooment  of  any  one  of  these  metals  by  another  would  be  as 

p«al  M  oonld  ever  be  produced  by  a  change  of  this  kind,  and  it 

might  be  hoped  would  be  adequately  great  to  enable  a  true  idea  of  its 

flhartctcrr  to  he  obtained.     The  very  fact  that  no  difiTerences  in  the 

la^M  of  the  crystals  of  so-called  isomorphous  salts  had,  up  to  the 

womuinoemeDt  of  this  work,  been  detected  with  certainty,  shows  how 

rety  amaU,  at  most,  such  differences  must  be.    It  will  also  be  evident 

ttkit  for  such  a  res^rch  only  the  most  perfectly  formed  aud  homo^ 

^SBSons  of  crystals  luusl  be  employed.    It  is  a  primary  asseutial  that 

^«  faces  of  the  crystals  shall  yield  perfect  imager  of  the  sigual-slit 

tif  the  goniometer,  aud  in  order  that  this  may  bo  so  they  must  be 

ibBolately  plane  surfaces*     Indeed,  if  one  may  be  forgiven  a  slight 

«|m¥ocat]on  in  tho  spelling  of  a  word,  the  ladies  present  may  be 

isteneted  to  hear  that  the  beauty  of  crystals  lies  in  tbe  planoness  of 

Tbe  mode  of  measuring  tbe  angles  between  crystal  faces  ou  the 
goaiometer,  and  at  tbe  same  time  tbe  difficulty  offered  by  imperfect 
neei,  may  be  illustrated  with  tbe  aid  of  this  large  crystal  of  quartz, 
U  if  mtiunted  upon  one  of  the  actual  goniometers  employed  in  the 
*tjrk,  hut  the  size  of  the  crystal  is  enormously  greater  than  those 
*ct«ally  uaed  in  the  researob^  which  rarely  exceeded  tbe  size  of  a 
pui'i  bead.  Buob  small  crystals  are  much  more  free  from  distortion 
w  larger  ones, 

¥oQ  DOW  see  on  the  screen  the  image  of  the  goniometer  signal- 
reflected  from  one  of  tbe  faces  of  the  quartz  crystah    This  image 


138 


Mr,  A,  B.  Tuiton 


[May  % 


is  lui  irrepTOftcliable  one,  the  fftoe  reflecting  it  being  truly  planie*  Its 
narrow  port  ifl  capable  of  accurate  adJtiEtment  to  a  vertical  cross* wire. 
On  rotating  the  crystal  oo  as  to  bring  the  image  from  the  next  face, 
of  the  particular  ^one  whicli  haa  been  previously  adjusted,  into  the 
field,  you  observe  that  this  also  ib  a  very  good  image,  but  muob 
weaker  than  the  other.  This  is  simply  because  it  is  derived  from  a 
much  smaller  face,  but  the  face  is  quite  plane.  The  next  image  yon 
see  is  a  bad  one,  being  not  only  a  multiple  image,  but  distorted. 
Snch  an  imago  would  be  quite  nselese  for  our  purpo&e.  Thufi,  on 
rotating  round  the  whole  zone— for  it  is  one  of  the  geometrical  pro- 
perties of  crystals  that  the  &ce6  lie  in  zones^-we  find  that  some 
images  are  good  and  some  are  bad.  In  the  case  of  very  small  crys- 
tals it  generally  happens  that  the  greater  number  of  images  aflTorded 
by  the  faces  are  either  one  thing  or  the  other^  and  orystala  must  be 
selected  yieldio^  the  maximum  of  good  images. 

The  first  resait  of  importance  that  has  been  brought  to  light  ia 
that,  with  regard  to  each  series  of  salts,  there  is  an  intereetiiig  rela- 
tionship between  the  general  exterior  character — or  habit,  as  the 
cry  stall  ogmpher  terms  it — of  any  triplet  of  salts  containing  potas- 
sium^  rubidium  and  casium  respectively. 

We  will  see  00  the  screeo,  for  instanoe,  the  configurations  of  the 
three  double  salts,  potassium  zinc  snlpbate,  rubidium  zitic  sulphate  and 
cffisium  zinc  sulphate.  The  same  planes  are  present  in  all,  but  very 
differently  developed.  In  the  potaesiiim  salt  the  shape  is  determined 
by  the  large  development  of  the  prism  zone  (p  faces),  and  the  large 
Bat  end  faces  of  the  bas&l  plane,  c  The  csesinm  salt,  on  the  other 
hand,  exhibits  a  prisma  tie  habit  formed  by  the  faces  of  the  clino- 
dome,  g,  and  the  basal  plane  c  is  reduced  to  a  strip.  Intermediate 
between  these  two  types  comes  the  rubidium  salt,  and  this  is  the  case 
with  the  rubidium  salt  of  every  one  of  the  sixteen  triplets  examined. 

Hence  the  habit  clearly  follows  the  order  of  the  atomic  weighta 
of  the  aUcali  metals. 

The  next  general  result  arrived  at  is,  that  small  Emgular  differ- 
ences between  the  faces  have  been  established,  but  they  rarely  amount 
to  a  degree  in  magnitude.  And  what  is  of  even  more  interest  is, 
that  the  faces  of  every  rubidium  salt  are  inclined  to  each  other  at 
intermediate  angles  to  those  of  the  potassium  and  (^sium  Balls. 

Tkb  important  fact  may  be  illustrated  by  the  vacuum-tube  model 
on  the  table,  which  has  been  specially  constructed  to  emphasise  the 
point.  The  three  crystal  outlines  represent  sections  through  one  of 
the  princi^l  planes  of  the  alkaline  sulphates  or  selenates.  The 
outer  one  represents  the  outline  of  osesinm  sulphate  or  selenate, 
the  middle  one  that  of  the  rubidinm  salt,  and  the  inner  one  a 
section  of  the  potassium  salt.  The  intermediate  inclination  of  the 
domal  faces  wiU  be  clearly  apparent.  This  is  only  one  of  some  sixty 
angles  which  have  been  examined,  and  aU  show  the  same  beautiful 
progreesiou  in  the  order  of  the  atomio  weights. 
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In  ikfi  case  of  the  principal  imgle  of  the  monooUmc  AetrieB,  whioh 
JAtenmnea  tke  incHnAtion  of  tbo  inclined  luds  cbaracteriatic  of  that 
ijstem  of  symmfitry,  ibe  change  of  angle  is  directlj  proportional  to 
the  rh&nge  in  fttomio  weight. 

Before  conclntliog  what  ihaj  bo  said  about  the  exterior  mor^ 
phology,  reference  ajaj  be  made  to  one  other  fact,  which  follows  from 
ibat  juBi  referred  to  and  from  the  resultfi  of  careful  determinations 
of  the  apeoific  gravity  of  the  salts.  The  latter  enables  one  to  arrive 
at  the  molecolar  Tolnme,  which  in  the  case  of  salts  belonging  to  the 
Hune  eerioB  does  aetnally  represent  the  relative  vol  tune  of  the  chemical 
moleealea.  The  size  of  the  tnoleculoa  of  the  rubidium  salt  was  in 
Of«fy  case  found  to  be  intermediate  between  the  sizes  of  the  mole- 
i!alai  of  the  potasBium  and  aesiaiD  ealte.  By  cotuhining  these 
moleonlar  volnmee  with  the  lengths  of  the  cryBtallographioal  axes  as 
iflbidod  by  the  angular  meaenrements,  it  has  been  possible  to  do* 
tmmne  the  relative  dimensions,  in  the  three  directions  of  space, 
of  each  ehemical  molecule. 

Thia  was  preceded  by  a  proof,  which  has  been  confirmod  by  Dr. 
Fock,  of  Berlin,  from  an  entirely  different  point  of  view,  that  the 
vnit  of  the  crystal  structure  in  these  salts  was  identical  with  the 
«liaiu«&l  molecule,  and  was  not  an  aggregate  of  such. 

Tba  result  has  been  to  show  that  the  sisea,  or  at  any  rate  the 
difilanoea  apart  from  centre  to  centTc,  of  the  chemical  molecules  in 
the  thrw  reclangnlar  directions  of  space  are  intermediate  in  the 
um  of  every  rubidium  salt.  Thus  the  directional  dimensions  of  the 
molecuJe8»  like  the  angles  of  the  crystal  stmctnre,  follow  the  order 
of  the  atomic  weights  of  the  alkali  metala, 

Th'iM  Cact  ia  clearly  exhibited  in  exaggerated  fashion  by  the  model. 
Hid  it  will  be  observed  that  the  intermediate  position  of  the  rubidium 
■dt  ia  somewhat  nearer  to  that  of  the  potaaaiiim  salt  than  to  that  of 
the  oeaium  salt. 

In  turning  now  to  thejconsideratlou  of  the  optical  characters  of 
tbe  crystals  of  the  aeries  of  salts  in  question^  it  will  be  neceesary  to 
r«Dember  two  mftin  faots*  The  first  is,  that  the  Rymmetry  of  the 
rlrembic  syat^m,  in  which  the  sulphatoB  and  selenates  of  the  alkalies 
oyitallifle,  determines  that  the  velocity  of  light  transmission  shall 
bedilferent  along  the  three  morphological  axes  of  the  crystals,  and 
ihat  two  of  tbe(U3  directions  shall  be  those  of  maximum  and  minimum 
volocily  respectively.  In  other  words,  the  ellipsoid  which,  as  is  well 
known,  in  general  represents  the  velocity  of  light  transmitted  through 
•  mystalline  medium,  is  one  whose  three  rectangular  axes  are  of  un^ 
«i|u&l  lengths,  but  which  is  fixed  in  direction,  for  these  axes  are  identical 
in  direction  with  the  three  morphological  axes.  The  second  is,  that  in 
the  ca^  of  the  monoclinio  double  sulphates  and  selenates  the  sym- 
metry of  the  ay  stem  demands  that  only  one  of  the  three  rectangular 
WMtm  ol  Ihe  optical  ellipsoid  shall  be  identical  with  a  morphological 
■sifti  Uie  latter  being  the  one  aymmetry  axiK  of  the  system.     The 
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ellipfioid  may  tikai-tifure  bu  regiu^Jed  &b  hide  to  rotate  about  this  a^ita, 
for  the  inolin&tioD  of  the  other  two  f^ta&gtilsr  axes  of  the  ellipsoid^ 

which  li©  in  the  plane  of  symmetry,  may  be  any  whftteoever  with 
respect  to  the  two  indined  morphologif^  axes  which  lie  in  tfaftt 
plane. 

Within  the  throe  models  of  sections  of  oar  rhomhio  snlphate 
Cfystab  yon  now  see  three  illnmiimted  ellipses.  They  represent  the 
eections  of  the  three  optical  ellipsoids;  btat  in  this  case  the  inner  en© 
corresponds  to  the  cseeinm  salt,  aod  represents  the  ellipsoidal  line 
to  which  light  waves  emanating  from  the  imaginary  centre  of  the 
crystal  would  penetrate  in  a  given  inter ral  of  time.  The  middle  one 
shows  the  distance  to  which  they  wonld  penetrate  if  the  crystal  were 
one  of  ruhidium  sulphate  or  selenate;  and  any  point  on  the  onter 
one,  which  is  much  nearer  to  the  middle  one  than  the  outer  one  i% 
represents  the  position  at  which  the  light  wtives  would  arrive  in  the 
same  interval  of  time  if  the  crystal  were  one  of  potaaainm  sulphate 
OF  Belenate. 

The  velocity  with  which  light  travels  through  the  crystal e  of  the 
three  salts  is  thus  observed  to  vary  in  the  same  manner  as  does  the 
atomic  weight  of  the  alkali  metal  present  in  the  salt. 

In  the  case  of  the  moooclinic  double  sulphates  and  eelenates,  we 
hare  a  further  phenomenon  of  even  greater  interest  exhibited.  For 
not  only  does  the  velocity  along  the  three  tectaugular  axes  of  the 
ellipsoid  vary  with  the  atomic  weighty  but  the  possible  rotation  of 
the  whole  ellipsoid  about  the  symmetry  axis  is  found  to  actually 
occur ;  aud  to  occur,  moreover,  to  a  very  considerable  extent,  some* 
times  amounting  to  as  much  as  20°. 

Further,  most  interesting  of  all,  the  rotation  varies  in  a  perfectly 
regular  manner  throughout  all  the  triplets,  in  accordance  with  the 
atomic  weight  of  the  alkali  metal  present  in  the  salt.  This  may 
be  demonstrated  to  you  by  means  of  the  lantern  slide  which  you  now 
see  projected  on  the  eoreen.  You  observe  the  outline  of  a  crystal, 
arranged  so  that  the  screen  represents  the  symmetry  plane^  and 
within  it  an  ellipsoid.  The  latter  is  at  preBeot  arranged  as  it  li 
usually  situated  in  any  potaseium  salt  of  the  series,  its  major  axis 
being  inclined  so  that  its  tup  is  somewhat  to  the  left  of  the  vertical 
morphological  axis.  The  ellipsoid  will  now  be  rotated  to  thfl 
approximate  position,  further  on  the  left  of  the  vertical  axis,  which 
it  occupies  in  any  rubidium  salt  of  the  series,  by  means  of  a  simple 
mechanical  device;  and  again  it  is  rotated  much  further,  to  about 
the  situation  which  it  takes  up  in  any  cssium  salt. 

In  this  phenomenon  the  accelerating  progression  according  to  the 
atomic  weight  of  the  alkali  metal  is  beautifully  exhibited. 

It  may  now  interest  you  to  leam  how  these  results  have  been 
obtaiued.  We  have  to  determine,  first  the  position  of  the  optical 
ellipsoid,  and  next  its  dimensions.  That  is  to  say^  we  have  to 
determine  the  velocity  of  light  transraission  in  all  thu  varirms  ilirec* 


tknu  in  the  eryetsl.  DetermmatioDB  of  tbo  refractiTe  index  in  dillbroui 
diittetions  wiU  afford  us  the  necessary  data,  and  if  we  can  discovtsr 
tlie  diiectioDS  of  maximum  and  minimum  velocity  we  shall  obtain 
«ll  that  we  itKiuixe  if  we  make  the  determinations  of  refractive  index 
for  ikoee  two  directionB  aod  for  a  third  direction  at  right  angles  to 
the  plane  co»taioing  them.  For  theso  three  directions  will  be  those 
of  the  three  axea  of  the  ellipsoid. 

It  will  next  be  demonstraled  to  yon  how  we  discover  the  positions 
inf  the  uses  of  the  optical  ellipsoid. 

It  is  scarcely  necessary  to  introduce  to  a  lioyal  Institntion 
mditisoe  the  maguificeut  pair  of  Nicol  prisms  which  formerly  he- 
boid to  the  late  Mr.  Spottiswoode*  The  analysing  Nicol  is  at 
fwaaiit  ftrraoged  with  its  yibrating  directioo  parallel  to  that  of  the 
fftliiiiniig  prism,  and  to  the  horizontal  crosa-wire  which  you  see 
ippesring  on  the  screen,  so  that  light  passes  to  the  screen. 

Therein  also  focu^sed  the  outline  of  a  eection  of  a  monoclinic 
Ofstel,  placed  between  the  two  Nicol s,  and  which  you  m^y  take  as 
Iftptwoatiflg  a  crystal  of  ono  of  our  double  sulphates  or  eelenates ; 
for  it  bebftTae  precisely  similarly,  and  is  immensely  larger  than  any 
Ciyttel  that  oould  be  obtained  of  one  of  tho&Ms  Balis.  We  now  rotate 
the  Kailyser  bo  that  its  vibrating  direction  is  at  right  angles  to  that 
of  the  polarizer,  when  you  see  the  crystal  section  brilliantly  coloured 
<m  the  dark  field. 

If,  lioweTer,  w©  rotate  the  crystal  section  in  its  own  plane,  you 
otairve  that  the  coloured  light  beeomes  weaker,  until,  at  a  certain 
pOlition,  it  is  altogether  extingaishad.  Further  rotation  causes  light 
in  again  appear,  and  if  we  complete  the  circle  of  rotation  we  shall 
Sod  ihnt  the  crystal  becomes  four  times  dark  and  four  times  light. 
That  ts^  there  are  two  diroetionSp  at  right  angks  to  each  other,  in 
»hich  extinction  ocenrs.  These  two  directions  are  those  of  two  axes 
of  the  optical  ellipsoid.  If  the  crystal  is  so  prepared  as  to  show  ou 
ill  edge  traoee  of  one  or  two  natural  faces,  and  if  our  mtating  stage 
kdiniledi  it  is  quite  easy  to  determine  the  angle  between  any  given 
tmo&  of  a  face  and  either  of  the  extinction  directiona.  In  the  case  of 
aoUDclinic  crystals  the  section  is  cut  parallel  to  the  symmetry  plane, 
md  the  reference  edge  will  usually  be  a  trace  of  one  of  the  faces  in 
the  primary  aone  perpendicular  to  the  symmetry  plane.  That  is  the 
ease  with  the  two  laces  whose  truces  you  see  are  left  after  the  grind- 
ing of  the  large  section  you  observe  on  the  screen,  A  much  more 
Defined  method  of  measuring  the  angle  between  the  extinction  direc-^ 
UoA  and  the  basal  plane,  based  on  this  principle,  wa«  employed  in 
the  leeeafeb. 

We  will  next  illustrate  the  determination  of  the  three  rcfractiTo 
indleee,  corresponding  to  the  three  yelocitics  along  the  three  axes  of 
tlie  ellipeoid.  There  is  here  a  large  GO°>prism  of  a  crystal  which 
liefaftvee  ciimlarly  to  the  salts  we  are  discuseing,  and  which  has  been 
eniand  polished  for  this  lecture  by  Mr.  Hilger.     The  re- 
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fracting  edge  le  pafftJlel  to  an  axiA  of  the  ellipsoid*  Etoplojisg  it  in 
the  usaal  mijiiier  to  throw  a  epeclmm  on  tfao  6oreen,  we  oheerre 
that  instead  of  a  eingle  epectrnm,  &a  when  we  tiB6  a  prism  of  glasa, 
w@  have  two  spectra  produced,  differiog  oonsidei^blj  in  their  dia* 
persioti,  Moreorer,  on  placitig  a  Niool  priBfu  in  the  path  of  the  light, 
w«  see  that  th^e  speotrm  oonaiat  of  polarised  light,  for  one  extin- 
gaisbee  when  tbe  Nlcol  is  arranged  with  its  ribration  direction  at  0*^, 
and  the  other  when  tbe  Niool  is  at  90°.  One  of  the  spectra,  in  fact, 
is  formed  hj  light  Tibrating  parallel  to  the  refracting  edge,  and 
therefore  to  that  arts  of  the  ellipsoid  which  mns  parallel  with  it, 
and  the  other  bj  light  Ti  bra  ting  at  right  aogleis  to  that  direction^ 
If,  in  catling  oar  priera,  we  make  this  perpendicular  direction  to 
coincide  with  a  eeoond  axis  of  the  ellipsoid,  the  two  spectra,  when 
set  to  their  minimum  deviation^  will,  provided  we  know  also  ihs 
angle  of  the  prisma  at  once  afford  us  tbe  data  for  oompating  the 
refractive  indices  corresponding  to  the  two  axes  of  the  ellipsoid  in 
qneetke^  A  feoond  prism,  similarly  CQt  so  as  to  have  Tibration 
direolionB  parallel  to  one  of  these  axes  and  to  tbe  third  axis,  will 
aiTord  ns  the  third  re^ftctive  index  as  well  as  a  repetition  of  one  of 
the  first  two. 

ToTi  observe  that  the  two  spectra  are  considersbly  eoparated  on 
the  screen.  If  tbe  two  adal  directions  are  those  of  maximtim  and 
minimnm  velocity,  the  amount  of  separation  is  a  measnre  of  the 
donble  refraction.  Now  it  has  been  observed  that  the  amount  of  the 
donble  refraction  also  varies  progreefiivelj  sceordmg  to  the  atomio 
weight,  and  this  fact  may  be  illustrated  realistically  by  means  of  a 
carefully  made  lantern  slide,  reproducing  the  actual  positions,  as 
seen  in  the  spectrometer,  of  the  two  spectra  afforded  by  a  triplet  of 
salts.  The  triplet  chosen  consists  of  potassium  zinc  sulphate^  rubi- 
dium zinc  sulphate  aud  ceBsium  zinc  sulphate.  The  spectra  are 
repreeeuted  by  tbe  images  of  the  spectrometer  slit  for  two  wave- 
lengths of  light,  those  corresponding  to  tbe  red  and  greenish-blue 
hydrogen  lines.  The  spectra  were  produced  by  three  prisms  of  tbe 
respective  salts,  of  precisely  the  same  angle,  near  60^.  Yon  see  that 
the  two  upper  spectra,  representiag  the  potassium  salt,  are  tbe  furthest 
apart,  and  that  the  separation  dimiuisbes  for  the  rubidium  salt,  and 
it  becomes  so  much  less  in  the  case  of  the  ci&sium  salt  that  the  two 
lower  spectra  formed  by  this  salt  partially  overlap. 

This  relative  behaviour  as  regards  double  refraction  is  ^  quite 
general  throughout  all  the  four  eeries  of  salts. 

The  point  can  be  further  illustrated  by  the  curves  which  you  now 
see  projected  on  the  screen.  The  two  outer  curves  represent  the 
maximum  and  minimum  refraction,  and  the  inner  one  the  inter- 
mediate refraction  along  the  third  rectangular  axis  of  the  ellipsoid. 
You  observe  that  the  two  outer  cutvob  converge  towards  each  other 
as  the  atomic  weight  of  the  alkali  metal  inoreaaes. 

This  leads  in  four  particular  cases  to  perhaps  the  most  interesting 
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d  aU  Ihe  refill ta  deriTed  from  the  work,  VVe  will  illnittate  it  bj  the 
am  of  c^fiiunL  magueHiuni  Belenate*  Tlie  €ur?es  wliicb  jon  now  see 
uD  the  ftcreen  »je  tbofie  for  the  magneainm  triplat  of  double  eelenatea^ 
On  urival  ^t  the  dBBium  salt  the  conv^tgetioe  has  nclu^LlIy  brought 
the  eurre  for  the  mininmn]  refructioD  into  contact  wltb  that  for  the 
intermediate  refroctioij,  bo  that  we  hat^e  here  a  crystal  whose  total 
double  refmotion  is  exceptionally  small,  and  in  which  the  velocities 
ijong  two  of  the  three  ellipeoidal  axes  are  approximately  equal,  which 
in  characteristic  of  ^tmgonal  and  hexagonal  crystals,  but  a  perfect 
AOumalj  in  m  raonoclinic  crystaL  Let  us  see,  however,  if  the  iden- 
tilj  is  a  fact  for  all  waro^lengtha^  as  would  be  the  case  in  a  truly 
muaxial  c^ryetal  of  tetragoDal  or  hexagonal  symmetry.  We  will  re- 
prodnoe  for  yon  the  appearance  in  the  spectrometer  afforded  by  a 
pnam  so  cut  as  to  give  ue  the  two  spectra  oorreepondiug  to  these 
tvo  intenecting  ourveef  that  is,  whose  vibration  directions  are  those 
of  the  two  apparently  equal  axes  of  the  velocity  ellipsoid. 

The  images  in  three  colours  which  yon  see  are  those  corresponding 
to  the  wave-lengtha  of  red  lithium  lights  green  tbftlliura  light  and 
tiolet  hydrogen  light.  You  observe  that  they  completely  overlap, 
ind  if  we  only  used  the  same  mag uifi option  a»  we  used  for  the  other 
ii&ages  we  saw  just  now,  you  would  say  that  they  are  absolutely 
identical  imagea.  We  are  attempting  to  faithfully  reproduce  the 
wb^jle  phenomena  by  the  use  of  separata  slides,  shown  by  two  equal 
lauterus,  and  when  one  of  them  is  shut  off,  the  elect  is  exactly  m 
«bai  a  Niool  is  introduced  at  0°  in  the  spectrometer,  which  ex  tin- 
gnififaes  one  of  the  spectra.  When  the  other  is  shut  off  instead,  what 
fOQ  observe  Li  the  same  as  if  we  rotated  the  Nicol  to  1)0^,  which  would 
eitingaish  the  second  spectrum.  Commencing  with  both  lanterns 
00,  AS  when  no  Nicol  is  being  used,  or  if  it  is,  it  is  arraoged  at  45'^, 
ud  exAssimog  the  images  closely,  we  notice  that  the  red  and  violet 
ibigti  fti«  distinctly  double,  while  the  central  green  image  is  a  truly 
sa^  one.  Now  w©  cut  off  one  lantern,  and  you  please  imagino  that 
•ft  ire  introdncing  a  Nicol  at  0^ ;  the  effect  has  been  that  the  outer- 
DKat  inmge  in  the  ca&e  of  both  red  and  violet  has  disappeared.  Now 
■buttLug  off  the  other  lantern  instead,  and  you  pleaae  imagine  we  are 
Tt^ting  the  Niool  to  90°^  the  innermost  images  disappear.  All  this 
tiuije  the  green  image  remains  fixed  and  single.  This  evidently 
tucafis  that  for  the  middle  part  of  the  spectrum  there  is  absolute 
identity  of  refraction  and  therefore  of  vekrtjity,  while  for  the  red  end 
tiiere  is  a  minute  differenee  of  refraction  in  one  sense,  and  for  the 
nulet  end  a  similar  small  difference  in  the  opposite  sense.  The  fact 
1%  the  two  images,  corresponding  to  the  two  ellipsoidal  axes,  for  rud 
tf«  flight ly  separated  ;  they  approach  and  coalesce  for  green  :  then 
ihey  paM  each  other  and  re^separate  on  the  opposite  side  of  each 
other  M  Tiolet  is  approached. 

Thus  our  crystal  is  only  tnily  uniaxial  for  one  wave-length  of 
light,  and  this  apparent  anomalous  refraction  is  merely  the  effect  of 
the  ope(rati0ii  of  the  mU  of  progreanon. 
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You  will  bftve  gathered  that  fur  tbe  pro&eculiou  of  tliib  work  it 
has  been  uecems&ry   to  prepare  some  bundreds  of  60^-priams  and 

paralleKaided  sectiou-plateB,  all  accnrately  cut  to  tbe  desired  orien- 
tation with  respect  to  the  crystal  faces.  For  tbig  purpose  it  has  beeo 
found  necessary  to  baye  tbe  delicate  apparatus  coustmoted  wbiob 
jou  see  before  you  on  tb©  table^  and  a  pbotograpb  of  which  is 
also  tbro^^n  ou  the  screen.  The  crystal^  held  in  a  gnp-bolder,  is 
Buspeuded  from  a  refined  apparatus  which  serves  not  only  for  tbe 
adjustment  of  a  zone  of  tbe  cryetars  faoes  to  tbe  vertical  axis  of  tbe 
instrumeut^  as  determined  by  tbo  obeerver  through  tbe  teleecope  ef 
tbe  collimator  signal-slit,  but  also^  as  the  movements  are  graduated, 
for  its  setting  to  any  jioBition  with  respect  to  tbe  axis,  Sepan^te  and 
interchangeable  cuttixig  and  grinding  gear  are  provided,  &nd  sXm  a 
delicate  moaDB  of  vai^iog  the  prefigure  of  the  crystal  ou  tbe  grinding 
disc,  so  tbat  the  XQoet  fragile  crystals  can  be  manipulated  witbont 
danger  of  fracturing  tbem. 

It  is  not  too  much  to  say  of  tbie  instrument,  tbat  without  it  tbe 
work  deecribed  to  you  this  evening  would  never  have  been  posaible* 

Another  original  infitrument  wbieb  jou  see  before  you  is  an 
apparatus  for  producing  spectrum  monochromatic  light  of  any  wave- 
length whatsoever.  For  all  tbe  optical  researches  have  to  be  carried 
out  in  pure  ujouoohromatic  light,  tbat  is^  for  a  Beries  of  colours  of 
ligbt^  each  of  which  is  oom posed  of  vibrations  of  as  nearly  one  wave- 
length as  possible;  for  all  the  optical  constants  vary  couatderably 
for  different  wave-lengths  of  light.  It  is  essentially  a  spectroscope 
coustructed  to  transmit  as  large  a  proportion  of  Ujc  light  as  possible 
which  streams  from  the  condenser  of  an  electric  lantern ;  a  broad 
spectrum  is  produced  by  a  highly  refractive  prism,  and  is  focnssed 
on  the  back  of  a  second  slit,  which  perinitB  only  a  selected  line  of 
the  spectrum  to  esoape^  in  the  same  manner  as  in  tbe  well -known 
apparatus  of  Sir  Wm.  Abuoy.  By  rotation  of  the  prism  the  spectrum 
is  moved  over  the  exit  slit,  so  as  to  permit  any  deetred  colour  to 
escape,  whose  wave-length  is  knowu  from  tbe  reading  of  the  cali- 
brated circle  ou  which  the  prism  is  tnonuted. 

The  apparatus  is  placed  before  yon  just  as  it  is  arranged,  in  front 
of  the  gQaiometer-sp<^Gtroiiieter,  whou  determiuing  refraetivo  indii^s 
for  B  series  of  different  wave-lengths. 

There  will  now  be  introduced  to  you  another  means  which  we 
possefls  of  determining  the  position  and  shape  of  the  ellij^oid.  In 
an  ellipsoid  having  three  unequal  rectangular  axes,  it  will  be  evident 
that  if  we  consider  the  elliptical  seotiun  containing  tlie  maximum  and 
minimum  axes,  there  must  be  a  point  i^omewhere  on  each  elliptical 
<^uadrant  where  the  radius  vector  wilt  be  equal  to  the  intermediate 
axis.  Such  are  the  four  points  C  on  the  figure  projected  on  the 
bcreen.  The  two  sections  of  the  ellipsoid  which  coutain  these  poiuti 
and  the  intermediate  axis  will  consequently  be  oireles^  and  rays  of 
light  which  pass  through  the  crystal  at  right  angles  to  t^eso  sectiong 
will  be  able  to  vibrate  with  equal  velocity  in  all  directious  perpen- 
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5icnl«  %o  tli6  line  of  propagation.  Consequently  m  these  two 
directioius,  wbich  are  termed  optic  axes,  the  crystal  will  exhibit  no 
double  nsfractioti.  When  the  Y  velocity  approacljes  nearer  to  the  X 
Tfilodty  the  iocUnatioii  of  the  two  circolar  sections  to  each  other 
nitnrally  diminislies.,  and  the  angle  het^een  the  optio  axes  becomes 
proportionately  lees,  until  at  length  we  hare  equality  of  X  and  Y, 
tbti  ellipsoid  becoming  a  spheroid,  wil^  a  single  optic  axis.  Thia 
\i  the  spcMnal  case  which  we  observe  in  tetragonal  and  hexagonal 
cfyBtals,  such  as  the  well-known  cases  of  calcite  and  qaartz. 

Wo  will  DOW  sea  some  very  beantifnl  phenoinena  in  counection 
vith  theee  optic  axea,  employing  for  the  purpose  a  projection  polari- 
■eopei  which  iii  fiimished  with  a  special  set  of  lenses  to  render  the 
lipil  ilrDtiglj  convergent  while  passing  through  the  crystal,  Firat 
iit  ■■  infefltigftte  the  phenomena  exhibited  by  one  of  the  uniaxial 
eijilila  wo  have  joat  referred  to,  A  section-plate  cut  perpendicular 
la  the  dngle  optic  axis  is  now  between  the  crossed  Mcols^  and  you 
•ee  ^10  beantifiil  flpectmm  rings  and  the  black  cross,  characteristic  of 
Biriwial  crjstalB,  which  are  produced. 

We  will  next  see  the  effect  produced  by  a  section-plate  of  a  biaxial 
cfystal,  similar  to  the  salts  we  are  discussing.  The  plate  is  cut  per- 
fjdJLUlar  to  that  axis  of  the  ellipsoid  which  is  the  bisectrix  of  the 
■eito  angle  between  the  optic  axes.  Yon  observe  the  loci  of  the  two 
ookse  axeis  are  marked  by  hyperbolic  bruBhes,  in  the  present  position 
m  Qm  Boctiou,  and  they  are  surrounded  by  separate  rainbow-coloured 
riogs^  which  iu  turn  are  surrounded  by  lemniscates  and  eventually 
flbpee^like  curves.  If  we  rotate  the  section  4.5^,  the  byperbotm  join 
op  tn  form  a  cross,  but  the  loci  of  the  optic  axes  remain  marked  by 
tW  rings.  These  rings  are  large  and  brilliant^  to  render  the  demon- 
ilnlioti  clear,  and  are  afiorded  by  a  very  large  section-plate.  But 
fm  livearch  purposes  we  require  the  rings  to  be  very  small  and  the 
^parboliB  very  narrow,  so  that  the  measurement  of  their  position 
1^  be  very  accurate. 

We  will  put  in  another  section-plate,  much  smaller  because  of  the 
inpQiKihility  of  obtainiog  larger  ones,  of  nibidtum  laaguesium  sele- 
nte,  and  you  see  how  small  and  sharp,  although  naturally  faiuter^ 
the  rings  and  hyper bolfe  are. 

Next  let  us  demonstrate  how  we  measure  the  angle  of  separatloa 
the  two  optic  axes.  Another  section-plate  baa  been  arranged 
Ha  mall  goniometer^  so  that  it  can  be  rotated  in  the  plane  of  the 
llMp  You  see  we  are  able  to  bring  first  one  and  then  the  other  optio 
*t{i  ip  to  the  cross  wires,  which  you  see  also  focuised  on  the  screen. 
If  we  note  the  reading  of  the  goniometer  circle  while  one  optic 
im  is  to  adjusted,  and  then  rotate  until  the  other  is  in  position  and 
imA  the  circle  again,  the  difference  between  the  two  readings  will 
gtfe  tis  Ihe  apparent  angle  between  the  axes  as  seen  in  air. 

In  order  to  arrive  at  the  true  angle  within  the  crystal^  it  is  necee- 
Aty  to  cut  another  section  perpendicular  to  the  bisectrix  of  the  obtuse 
Vou  XVU,     (No.  9G.j  L 
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i&Dgle  bet  wean  the  axes,  Euid  to  measure  this  obtuse  angle.  As,  how- 
BTer,  thifl  lafge  angle  is  iiBiially  inviBible  in  Air»  owing  to  internal 
reflection,  it  is  necessary  that  both  angles  shall  be  meaaore^  while 
the  aections  are  immersed  in  seme  highly  reff aciire  liqnid.  A  simple 
oalcolation,  inTolving  the  two  angles  measured,  enabled  ns  then  to 
deduce  the  true  optio  axial  angle  within  the  crystal. 

The  result  of  a  large  namber  of  such  meaaurements  of  optic  axial 
angles  has  been  to  show  that  in  all  cases  where  tho  interferenoe 
figures  are  normal,  the  angle  of  the  rubidium  salt  is  intermediate  in 
value  betT^een  the  angles  of  separation  of  the  optic  axes  of  the  potas- 
Bium  and  ocBsium  Baits  of  the  same  triplet. 

We  will  conclude  the  lecture  by  demonstrating  to  you  the  beautiful 
optic  axial  phenomena  in  the  four  abnormal  cases  to  which  reference 
was  made  whou  discUBslng  the  refraction  phenomena,  in  which  for 
a  certain  wQ7e*leDgth  of  light  a  prism  of  the  crystal  only  gives  one 
refraction  image  instead  of  two. 

Yon  see  on  the  scroen  the  type  of  interference  figure  which  is 
given  by  rubidium  sulphate.  It  is  choractcriBttc  of  the  few  known 
intereBting  salts  which  exhibit  the  phenomenon  of  crossed  axial  ploue 
dispersion. 

You  see  next  the  interference  figure  afibrded  by  cesium  magnesium 
selenato-  It  is  characterised  by  large  disporBion,  ami  it  will  be  proved 
te  you  in  a  moment  that  for  blue  light  this  crystal  also  is  apparently 
uniaxial,  and  that  the  figure  ia  white  light  which  you  are  now  oou- 
templating  is  due  to  the  fsct,  that  for  the  most  luminous  colours  of 
the  spectrum  separation  of  the  optic  axes  in  the  horissontal  plane 
occurs. 

It  would  be  interesting  to  analyse  this  figure  by  showing  you  the 
curves  afforded  by  the  crystal  in  ^e  pure  monochromatio  light  from 
the  spectrosoopio  illuminator.  But  although  this  can  be  done  most 
brilliantly  for  one  person  at  a  time  looking  throogh  the  so  illuminated 
observing  instrument^  there  is  not  light  enough  for  projection.  Bat 
a  series  of  six  photographs,  for  six  specific  wave-lengths  of  light, 
have  been  taken  with  the  aid  of  the  apparatus^  and  you  now  see  Uieta 
on  the  screen,  each  with  as  exact  a  roprioHinction  of  the  colour  for  which 
it  was  taken  as  possible.  Tbe  first  shows  the  separation  far  red  lithium 
lightf  the  second  the  diminished  angle  for  yellow  sodium  light,  the 
third  the  still  smaller  angle  for  green  thallium  lij^ht,  the  fourth  the 
farther  approach  towards  tho  contre  for  greenish-blue  hydrogen  light, 
the  fifth  shows  tho  uniaxial  figure  in  light  of  wave-length  466  for 
which  crossing  occurs,  and  the  sixth  shows  tbe  separation  in  the 
perpendicular  plane  for  violet  hydrogen  light. 

We  will  also  show  you  another  six,  to  prove  to  vou  that  not  only 
does  change  of  wave-length  in  the  illuminating  light  provoke  extra- 
ordinary changes  in  the  optic  axial  angle^  but  that  change  of  tempe- 
rature is  also  provocative  of  remarkable  changes  of  angle.  This  ^et 
represents  the  phenomena  observed  at  about  BO*^.     The  angle  for 
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Wtkmxk  light  10  now^  t^rj  mticb  HmaUer  than  it  was  at  the  ordinary 
temperature  ;  for  red  hydrogen  light  it  is  still  smaller,  and  for  godium 
light  the  cFoeaing  has  now  actn&lly  arrived,  vvhile  for  tbailinm  green, 
feydiogcn  greeniah-bluej  and  the  "blue  light  fttr  which  crossing  ooonrred 
kI  the  ordinftry  temperature,  the  axes  are  separated  at  increasing  angles 
in  thd  peapendiciLlAr  plane. 

Dor  liwt  experiment  will  illustrate  the  effect  of  change  of  tempo- 
ntnre  in  the  case  of  ctesinm  seleuate.  The  behaviour  of  this  salt  is 
ioaimilar  to  that  of  the  loog-known  caso  of  gypsum,  that,  as  I  can 
oblidii  »  very  much  larger  crystal  of  this  beautiful  mineral,  saitablo 
for  projection  purposoSj  I  shall  use  it  to  demonstrate  the  phenomena. 
Yon  see  at  the  ordinary  tempera  tare  notlung  whatovor  beyond  the 
tict  tb&t  soma  Light  gets  through  to  the  screen.  The  optic  axes  are 
ti  pT^MiLt  fldparated  in  the  liorizontal  plane  to  such  an  extent  that 
tJiey  «re  well  outside  the  field.  We  aro  now  warming  the  crystal,  find 
JDU  flee  colour  making  its  appctkrance  at  the  aides;  now  the  axe# 
IhcfOflelTea^  sorrounded  by  their  colonred  rings,  are  appearing*  Tliey 
^prottdi  the  centre,  they  now  coalesce  to  form  the  uniaxial  cross  and 
^ectrnm  circles.  They  now  separate  in  the  vertical  piane^  and  we 
remeve  the  source  of  heat,  the  axes  etill  continuing  to  separate  vorti- 
call  J  until  the  crystal  «nd  the  metal  frame  in  which  it  m  being  heated 
have  taken  op  the  earao  temperature.  Now  the  motion  stopa^  and 
the  phenomena  repeat  themselves  in  the  inverse  order,  once  more 
tjomag  to  a  ctobb  ami  circles,  and  again  separatiDg  in  the  horizontal 
plane,  until  finally  they  disappear  on  the  margin  of  the  field. 

These  beautiful  caces  of  crossed  axial  pLino  dispersion,  you  will 
ramember,  are  entirely  duo  to  the  operation  of  the  rule  which  we 
&and  to  govern  the  progress  of  the  double  refraction,  in  accordance 
with  the  progress  in  the  atomic  weight  of  the  alkali  metal,  so  that 
tkmm  very  exceptional  cases  are  in  reality  strong  proofs  of  the  main 
{toermljsation  derived  from  this  work. 

It  ha«  ihas  been  amply  domoostratod  to  you  that  the  chief  result 
Ui  which  tlieae  researches  have  led  is,  that  the  members  of  every 
leri^a  of  «>alts  known  to  the  chemist,  wliich  differ  hy  containing 
diicrent  elements  of  the  same  family  group,  exhibit  perfectly  regular 
fari&ticins  in  their  exterior  morphology  and  io  their  interior  physical 
proprrties ;  aad  that  those  variations  follow  tho  order  of  the  diffor^ 
aneoi  between  the  atumic  weights  of  those  interchangeable  elements. 
Thus,  it  has  been  shown  that  the  crystallographical  propcrtiea  of  the 
ddiaents  are  in  Hue  with  all  their  other  properties^  chemical  and 
pbjmcal,  in  exhibiting  the  same  progressive  character  which  is  so 
cotjveuieutly  expressed  by  their  atomio  weights. 

Wc  do  not  yet  know  why  a  particular  series  of  salts  chooses  the 
tpem^c  typo  of  symmetry  which  Is  common  to  its  members^  hat  we 
ceaflotiable  ground  for  hope  that  further  work  in  the  direction 
1,  together  with  a  SQCcesafal  development  of  the  interesting 
and  geometrical  resoarches  now  being  cotiductod  by 
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B&vGTsl  fellow- workers  J  on  tlie  possible  modea  of  partitioning  space 
and  the  types  of  molecular  packing,  will  OTontuaUy  lead  to  a  eolntion 
of  this  important  quefition. 

During  the  researches  deacribed  in  this  lecture  many  thoasanda  of 
crystals  ha?e  had  to  l>e  prepared  in  a  state  of  perfection  and  purity, 
many  hundreds  of  section- pUtes  and  prisms  out  and  groand,  and 
innumerable  meaeuremente  with  the  most  refined  of  instruments 
carried  out.  But  one  forgets  the  labour  in  the  contemplation  of 
knowledge  truly  gained j  and  one  remembers  only  the  delights  of  the 
way,  the  glorious  phenomena  of  colons  which  one  has  enjoyed,  and 
the  eiquiBite  beauty  of  the  crystals  themaelTos, 
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GENERAL  MONTHLY  MEETING, 

Monday,  May  5, 1902. 

His  Gnoe  The  Dim  of  Nobthumbxbland,  E.G.  D.C.L.  F.RS., 
Freddent,  in  the  Chair. 

The   following    Vioe-Presidents    for    the    enfloing    year    were 
lUkomioed: — 

The  Rt  Hon.  Lotd  Alyerstone,  G.C.M.G.  LL.D. 

Sir  Froderiok  Bramwell,  Bart.  D.C.L.  LL.D.  F.R.S. 

Donald  W.  C.  Hood,  C.V.O.  M.D. 

George  Matthey,  Esq.  F.R.S. 

Lndwig  Mond,  Esq.  Fh.D.  F.R.S. 

The  Rt  Hon.  Sir  James  Stirling,  M.A.  LL.D. 

Sir  James  Criohton-Browne,  M.D.  LL  J).  F.R.S.  Treasurer.' 

Sir  William  Crookes,  F.B.S.  Honorary  Secretary. 


Alfred  Hillier,  Esq.  B.A.  M.D. 
Sydney  Lnpton,  Esq.  M.A. 
Carl  F.  von  Siemens,  Esq. 
Mrs.  G.  F.  Ton  Siemens, 

*tte  elected  Memhers  of  the  Royal  Listitntion. 

The  Special  Thanks  of  the  Members  were  retnmod  to  Sir  Thomas 
Wenon,  G.O.B.  for  a  Donation  of  £6  6a.  to  the  Fand  for  the  Pro- 
ton of  Experimental  Research  at  Low  Temperatores. 

The  following  Resolution,  passed  by  the  Managers,  was  read  and 

•iopted:— 

It  wit  nnanimoiuly  BemUffed,  That  the  Managers  of  the  Boyal  Institatioa  of 
^  Britain  dedie  to  record  their  sense  of  the  deep  loss  sustained  by  the  Insti- 
^  iod  the  whole  scientific  world  in  the  decease  of  Professor  Alfred  Gornn, 
^We  de  llnstitnt,  0£Bcier  do  la  Legion  d'Honnenr,  Professeur  k  TEoole  Poly- 
{^''^iqito,  D.C.L.  of  Oxford,  So.D.  of  Cambridge,  F.B.S.  of  London,  Honorary 
*<^  of  the  Royal  Inftitntion  of  Great  Britain. 

^^.noraBsor  Alfred  Comu  as  a  brilliant  investigator  was  early  recognised  in 
j^eoontiy.  He  has  been  invited  by  the  Managers  to  deliver  three  Friday 
fS"^g  Disconrsea  at  the  Boyal  Institution  in  1875,,  1879  and  1895,  on  the 
JeWty  of  Light"  (in  French),  "Etude  Optique  de  I'Elasticit^,"  and  "Ph^no- 
2^  Pbysiqnea  dee  Hautea  B^^ons  de  rAtmoeph^re,"  in  which  he  summarised 
«i  important  investigations. 

,He  WM  made  an  Honorary  Member  when  present  on  the  occasion  of  the 
'viday  Centenary  of  1891,  and  attended  in  1899  the  celebration  of  the  Oen- 
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tf Eiarj  ot  tbe  fnundfttioD  or  thd  B^jtH  Instittition  of  Or^^ai  Britain,  delJTet^d  iin 
admirable  fpeech  at  U\q  BanquoW  a^d  ft^rwards  on  hU  t^tnm  to  Pana  gave  a 
report  of  the  eelcbratinn  to  the  Prenoh  Academy  of  Sciences. 

The  MaiiagerB  desire  to  offer  to  Madtime  Gotdu  and  Family  the  expieesioD  uf 
tli«ir  ino«i  Bincere  eynipathj  and  condolemoo  wjth  tbom  ia  Ihcir  bereavement. 

Tbe  PassBKTs  rcceiyedl  since  the  last  Moetiog  were  laid  on  the 
table,  and  the  thankfi  of  the  Members  returned  for  the  same,  viz.  :— 


FftOM 


4to. 


The  Se^retarif  of  State  for  Judta —Arohfflolofrical  Surrey  of  India,  Vol,  XX, 

1901. 

The  Jiiin  Stupo.    By  VJacent  C.  Smith. 

M..f:lnil  Colour  Decoration  of  Agra.    By  K.  W,  Smith.    Part  I.     190L    4to. 
77fi  .l«iroaom*fr  JZcj^oJ— Uteeowidi  Obseiratioriii.  1890-     iUt.     1901. 
Grotsnwich  Bpectroeoopic  aod  Photograpbic  Beflnli«»  18[J9.    4lo.     IDCH). 
Ope  Meridian  ObeofTation*,  1877-79.    2  tdU.    Svo.     IDOL 

Dittrj  1896-97,  1898-^9.     2  toL*.    4fco,     1901. 

Tht  British  Mw6um(Natuml EUtorjfy-CAMGgnB  of  FobbII  Fiehes,  Part  4.    Sta. 
1901. 
Calalo^uo  of  Lcpidoptem  Ptialiena^,  YoL  III,  and  Fktcs.    Svo.     11H)1. 
Hand  Liflt  of  Biida.  Vol  IIL    «m     l^OL 
Ameriean  Aoademf  o/ArUand  8daum  "l^iticec^HTi^ii,  VoL  2LXXVII.  Parte  12-11. 

Svo,    1901. 
Armriean  Fhihi^phieal  iSbcidy — Proceeding*,  Vol,  XL,  No.  167,    Stol     1901, 
Aifialie  Soci^fy-.  Royal — Jouruftl,  April,  1M2.     Svo. 

A»ironomieal  SocUlyy  JJos^ar— Monthly  Noticee,  Vt^l,  LXH,  Noe-  4,  5.    Svcu    1901 . 
Ba^e,  Natural  HiMory  S<*eieiy  q/-"'J'ycbo  Brabe,  lolS-IGOl.     Ton  Fr.  Uurck- 
hardt.     8to.     FJO). 
VerhaDdlutigcn,  Band  XIII. 
Baiumaf  Boyai  Magtieiicni  and  Meimrot^eal  Obaervatory — Observaiionji,  Vol. 

SXIL  Part  2,     4to.     lyuL 
Boittm  Pwfiftc  it'trary— Mniitlily  BviUetin  for  April,  1902,    Sva 
Britith  Archiieeti,  lioyal  InfiitiUe  o/— Journal,  Third  geriee,  Vol.  IX.  Nob.  1 1,  12. 
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Sxpl&ruiiim  and  Climbing  in  the  Canaiiian  Bocky  Mountaint. 

li  lie  west  of  Canada  liee  a  **  Gr^at  Lone  Laud,"  a  knd  with  few 
uih^bitantft,  m  land  almost  desertodj  if  we  except  a  few  prospcotors, 
tmpp^ta,  and  Iii<liatia,  who  spend  thoir  time  amoDg  its  mountain 
^BtDcsees,  either  huoting  wild  atiimale  or  searching  for  gold  and 
Dimertlfl.  This  land  is  where  the  Rocky  Mouutaiue  have  place,  where 
»  miaa  of  hills,  valley B,  auow-fielde  and  rushing  rivers  divide  the 
pnirie  land  of  Alberta  from  the  canyons  of  the  west  in  Britiah 
Colmnbia. 

8iQce,  however,  the  Canadian  Pacific  Eailway  has  bridged  the 
^eotbieiit,  these  solitudes  of  the  far  west  are  more  accessible  to  thfi 
(rimtry  traveller,  and  the  wild  secluded  valleys  of  the  Canadian 
locly  Mountain B  are  becoming  more  frequented.  The  future  of  this 
tonntry  is  not  hard  to  foretell;  unfit  for  agricultural  purposes  but 
'  *  of  the  most  beautiful  scenery,  it  must,  like  Switzerland,  become  a 
jliyground  for  those  people  who  care  for  hunting,  fi^hiDg,  or 
flieaDtuiusering}  or  for  those  who  take  a  delight  iu  spending  a  holiday 
^iQroiiiidjed  by  snow,  iee,  and  glaciers,  mighty  woods^  beautiful  lakes 
•od  great  rivers.  No  doubt,  like  Switzerland,  it  will  some  day  be 
fijtopletely  overrun.  At  present,  however,  it  is  unspoilt;  and  as 
utte  doaa  not  seem  to  be  aoy  likelihood  of  its  ever  being  the  centre 
^Uif  great  mauufacturing  district,  and  as  this  mountain  land  is 
^Mtlj  greater  in  extent  than  the  Alps,  for  many  years  to  come  it  will 
^m.th  the  hunting-ground  of  those  who  can  spend  their  spare  time 
^'^g  iLmidfit  fine  scenery  and  in  breathing  pure  air. 

The  exploration  of  that  part  of  the  mountains  near  the  Canadian 
"»eiSc  Railway  is  going  rapidly  forward,  the  valleys  are  being 
^jl^piored,  the  anow-fields  and  glaciers  are  being  mapped,  and  many  of 
^e  hi^est  peaks  have  bean  ascended.  In  1897,  however,  when  I 
^  visited  this  country,  little  was  known  of  the  mountaina  that 
^over  thirty  miles  away  from  the  railway^  It  is  true  that  one  or 
^  pnties  had  cut  their  way  throngh  the  dense  woods  tn  the  chief 
^**%i,  but  the  great  expanses  of  snow-fields  and  many  of  the  higher 
!*•■««  sDd  snow-praki  were  then  undiscovered. 
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Id  1897,  and  during  other  journeys  that  I  bare  mado  to  tbis 
mountain  land  in  1896  and  1900,  I  bare  always  been  north  of  the 
railway  line  ;  tbe  furtbesl  nortb  woa  iti  1898,  wben  I  reached  ibe 
bead  waters  of  the  Athabasca  and  discovered  the  Columbia  ice-fiebls, 
wbich  in  extant  surpass  any  others  at  present  known  in  the  Canadian 
Hocky  Mountains. 

In  1897*  in  company  with  Professor  H.  B.  Dixon,  Mr,  G,  P,  Baker 
and  some  Americao  Mends  belonging  to  the  Appelacbiaa  Club  of 
Boston  1 1  explored  the  Wapta  ioe-field  that  lies  fifteen  miles  north  of  the 
railway  at  Fiold  and  a  peak  (Mount  Gordon),  situated  in  its  very  centre, 
was  ascended  from  whose  summit  higher  mountains  to  the  north-west 
were  soon.  Later  in  tho  same  year  Mr.  Baker  and  I  made  an  attempt 
to  reach  these  unknown  mountains ;  men  and  hoi^es  were  hired  at 
Bat)0  and  provisions  were  taken  to  last  for  a  month.  That  this 
moontain  laud  was  almost  unknown  is  easy  to  explain,  for  the  country 
is  far  from  any  human  habitation,  and  often  so  difficult  to  got  at,  thai 
it  takes  weeks  of  hard  work  battling  with  the  rivers  and  woods  before 
even  the  valleys  are  reached,  whteh  Ue  at  the  foot  of  the^  ranges  of 
enow  and  ice-coTered  mountains^  At  fi^rst,  one  is  quite  oDaccustoiued 
to  the  leisurely  method  of  progression  of  a  •*  pack  ie^m  **  amidst 
heavy  timber,  swamps  and  thick  underbrush  ;  at  first,  ono  is  alarmed 
to  see  the  sturdy  small  lodian  ponies,  with  perhaps  one^s  moet 
treasured  belongings  on  their  backs^  being  swept  down  stream  or 
hop^estly  floundering  in  a  morass,  but  later  all  these  things  are 
takon  as  a  matter  of  course.  These  aoeideuts,  and  the  delays 
consequent  on  the  cutting  away  fallen  timber,  rescuing  the  ponies 
firom  the  rivers,  and  finding  the  easiest  way  through  the  deuso  woods, 
all  after  a  time  become  part  of  the  day*s  work  and  traTelUng  in  these 
mountain  solitudes  is  neither  Irksome  nor  unpleasant. 

During  the  latter  part  of  August  and  the  beginning  of  Septei 
Baker  and  I  explored  that  part  of  the  Rocky  Mountain  system 
about  60  miles  north  of  where  the  Canadian  Pacific  Hail  way  c 
tbo  continental  watershed  at  the  Kicking  Horse  Pass, 

Starting  from  Laggen,  we  went  north  up  to  the  head  of  the  Bow 
Valley,  thence  after  crossing  the  Bow  Pass,  Boar  Creek  was  desoended 
to  the  Bsakatchewan  Kiver.  From  this  point  Mount  Sarbach  was 
climbed  in  order  that  a  survey  of  tbo  new  country  we  were  in  might 
be  obtained*  To  the  west  were  visible  the  high  peaks  we  were  iu 
search  of,  together  with  vast  expanses  of  soow-fields  and  glaciers  that 
coDstltuted  the  eastern  slopes  of  the  main  chain  of  the  Bocky 
Mountains.  Amongst  these  wo  spent  nearly  a  fortnight,  aurvej^ing, 
photographing  and  ex  pi  o  ring.  But  bad  weather  and  lack  of  timo 
forced  us  to  return  to  civilisation  before  wo  could  ascend  Mount 
Forbes,  tho  highest  mountain  in  the  district.  However,  althoagh 
ucable  to  get  to  tho  summit  of  Forbes,  a  magnificent  view  of  the 
main  chain  had  been  obtained  from  high  up  on  the  ridge  of  Mouut 
Freshfield,  and  far  away  further  north  higher  mountains  still  were 
fisible.     We  returned  to  ciTilisatiou  by  another  route,  first  by  going 
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nT«r  Ihe  Howse  Pass,  the  continental  waters! led  \\&b  cro&B<'d,  wo  then 
dttNoded  Hie  Blaeheny  Creek  for  some  diBtance,  hnt  this  vallcj  at 
Isitheooiniiig  i|iiltG  impassable  for  horses,  owing  to  the  fallen  timber 
md  rienae  forest,  a  new  pass  (the  Bakor  Pass)  had  to  be  discovered, 
which  led  us  finally  down  to  Field  on  the  railway.  The  moat  impor- 
luit  rcGiilts  aehieTed  by  this  Joarnoy  wore  a  plane  table  survey  map 
^j  Mr.  Baker  and  oar  discovery  of  higher  peaks  still  further  north. 

On  retoraing  to  Englaml,  the  only  literature  that  I  coald  obtain 
dealing  with  the  ootintry  we  had  visited  was  in  a  raro  parliamentary 
ii|cr|  on  the  Palliser  Expedition  of  forty  years  ^o,  Thero  an 
•fiOiniiit  wftB  given  by  Dp,  Hector  of  a  visit  ho  made  to  this  region, 
f^  «xietenc>e  of  these  naknowt]  peaks  further  north  thnt  I  had  seen 
trism  the  ridge  of  Fresh  field,  took  me  back  in  the  following  jear 
(1698)  to  the  Eocky  Mountains:  this  time  in  the  company  of  Mr.  H» 
£.  M.  Stotficld  and  Mr.  H.  WooUey.  Again  I  startetl  from  Laggaii 
with  men  and  hors^es,  and  travelling  north  by  way  of  the  Pipestone 
ftm  the  main  S&skatchewaD  was  reached.  The  north  fork  of  the 
SMkaichewan  was  then  asceudi^,  hot  owing  to  the  immensG  quantity 
if  imtar  in  the  river  progress  was  very  slow.  Eventually  a  pass  w&s 
(the  Wilcoi  Pase)  which  led  over  to  the  head  waters  of  the 
Ksft  Biver>  From  this  spot  the  AthabaGca  peak  (11,900  feet) 
snded ;  from  its  summit,  a  magnificent  panorama  of  an  almost 
■ik&owii  l&nd  was  obtained.  Stretching  for  miles  to  the  noith-west- 
wii4  lay  an  immense  snow-field  surrounded  by  the  loftiest  peaks  I 
bad  y*ft  »een  in  the  Biickies  j  moreover  some  of  these  were  those  I 
*ii  in  search  ut  Tliis  glacier  was  the  s^mrce  of  three  of  Canada's 
Wgest  rivers,  the  Colnmbis,  the  Saskatchewan  and  the  Athabftscii, 
Liter  we  cUmbe'l  a  peak  (the  Dome,  11,700  feet)  which  rises  from  near 
it»  centre^  and  it  is  a  point  of  some  interest  that  the  snows  of  this  peak 
then  melted  feed  rivers  that  flow  into  three  oceauB,  the  Pacific,  the 
ifBtic  and  the  Atlantic,  also  it  is  quite  impossible  that  any  other 
lOQntains  can  exist  on  the  American  continent  of  which  the  same  can 
be  add.  The  two  highest  peaks  discovered  on  this  journey  were  named 
Kotijjt  Columbia  and  Mount  Alberta,  and  the  Buow-fi^eld  wna  called  the 
OoliiiDbia  BUoW'field.  In  1900  a  third  trip  was  made  to  this  fascinating 
^,  ihlA  time  to  explore  the  ontirely  unknown  valleys  on  the  western 
■lopef  of  the  range  that  drain  into  the  Columbia  River«  With  Mr. 
Statfield  and  Mr.  Spencer  the  Buah  Valley  was  visited.  Starting  from 
IteBAid  on  the  railway  we  first  went  down  the  Columbia  Valley  and 
thfi  turned  eastwards  towards  the  mountains  up  the  Bush  Valley. 

Ifl  the  valley  of  the  Columbia,  down  which  we  travfjlled  fur  several 
%i,  wo  hardly  saw  the  sky.  The  vast  forest  far  snrpiis&ed  in  size 
lajtbing  we  had  seen  on  the  other  side  of  the  ra^igc,  huge  pines, 
MHoQ-wood  trees,  firs  and  spruces,  reaching  to  a  height  of  150  feet 
Of  meat!.  The  undergrowth  too  was  very  dense,  whilst  the  fallen 
*raala  of  dead  trees,  sometimes  six  or  eight  feet  in  diameter^  lay 
MMAired  with  others  of  leeser  size  in  every  kind  of  position.  Some 
tt  tbaJr  fall   had  boou  arrested  by  utherd  aud  were  waiting  for  tho 
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first  gde  to  brmg  them  crashing  to  the  ground.    Others  that  had  lain 

perhaps  ecoT6&  of  years  in  the  wet  underbrush  had  decayed  and  rotted, 
having  rich  masses  of  decomposing  vegetation.  There  is  a  marvelloas 
fascination  about  these  quiet  shady  fastnesses  of  the  western  vaUeys, 
As  oDo  wanders  day  after  day  through  this  underworld  cut  off  from 
the  glaring  sun  of  noonday  and  the  blue  sky,  hardly  a  sound  breaks 
the  siilluQsa,  whilst  all  around  He  piled  the  ruins  of  ancient  woods. 
In  these  western  valleys  the  rainfall  too  is  far  greater  than  on  the 
other  side  of  the  range,  henoe  the  forests  are  thicker  and  the  swamps 
more  dangerous ;  progression,  therefore^  up  an  unknown  valley  is  often 
very  tedious.  This  we  found  to  be  the  case  in  the  Bush  VaUey.  It 
is  true  that  our  first  view  of  this  valley  from  the  fimnmlt  of  a  small 
hill  tiear  its  mouth,  held  out  hopes  that  we  should  soon  get  to  tho 
head  wftters  and  snow-peaks  fifteen  miles  away.  Stretched  out  at  one^i 
feet  AS  we  looked  down  on  the  Bush  Valley,  was  a  wide  and  almost 
level  expanse  of  shingle.  There  were  no  canyons  or  defiles  that 
might  neccegitate  lengthy  detours  up  precipitotts  hillsides.  It  is 
true  wo  saw  ^me  swamps  at  the  sides,  but  along  the  level  bottom 
stretched  the  shingle  flats,  seamed  by  innumerable  streams,  and  the 
main  river  which  wound  first  to  one  side  and  then  to  the  other.  The 
whole  farmed  a  veritable  puzzle  of  interlacing  channels,  islands  of 
pebbles,  stretches  of  swamps  and  lakes  all  hopelessly  intermingled. 
The  first  ten  miles  up  that  valley  took  us  ten  days*  incessant  work. 
Our  way  was  alternately  through  immense  timber,  dense  thickets  of 
willows,  through  swamps,  streams,  small  lakes,  along  insecure  rivet 
banks,  climbing  up  the  hillsides,  jumping  logs,  cutting  through  fallen 
trees  and  undergrowth  so  thick  one  could  hardly  see  a  yard  in  front 
of  one,  splashing,  fighting  and  worrying  ahead  ;  we  had  an  experience 
of  almost  everything  that  could  delay  us,  and  whether  the  woods, 
the  streams r  or  the  swamps,  were  worst  it  waa  impossible  to  say*  So 
the  days  go  by,  and  often  real  mountaineering  m  a  luxury  which  has 
to  be  left  to  the  last.  But  we  were  the  pioneers;  now  the  trails  are 
partly  made,  and  the  way  to  get  to  the  peaks  is  known,  therefore  the 
expenditure  of  time  in  arriving  at  any  particular  spot  can  be  calcu^ 
lated  with  much  greater  certainty.  But  with  this  gain  in  time  comes 
also  the  loss  of  the  pleasure  of  the  uncertainty  of  an  unknown  land* 

However,  it  will  be  many  a  long  year  before  much  real  change  can 
be  made  in  the  valleys  that  lie  thirty  or  more  miles  from  this  line ;  also 
the  snow-peaka,  the  marvellously  clear  atmosphere,  the  woods^  lakes^ 
and  scenery  will  remain  the  same.  After  a  Jong  day  through  those 
valleys  of  the  Canadian  Bocky  Mountains,  one  will  he  just  as  able  to 
pitch  one's  tent  and  enjoy  over  the  camp  fire  the  stories  of  the  hour, 
to  cat  ome^e  dinner  with  the  mountaineer'e  appetite,  to  smoke  by  the 
light  of  the  smouldering  logs,  and  to  go  to  sleep  safely  surrounded 
by  the  mysterieUB  and  dark  forests,  I  always  think  that  the  supreme 
moments  of  a  mouutaineer^s  existence  are  more  often  not  whilst 
battling  with  the  great  mountaiiiS,  but  afterwards  when  the  struggle  is 
done  and  the  whole  story  is  gone  over  again  quietly  by  a  camp  fire. 


on  E^^oration  in  the  Canadian  Eockif  Mountaini^ 


X67 


One  gaeii  eTeaiog  I  rBmranber  in  tho  Basil  Valley,  when  no  victory 
had  exoiTDed  our  afibrts,  in  Ibot,  we  ware  returning  from  &n  attempt 
ioT«aeh  Moimt  Columbia  wLicb  bad  proved  an  undoubted!  faUiire; 
Hill  Bomebow  I  felt  tbat  altliongh  beaten*  we  bad  been  honourably 
be«t£D^  we  hi^  struggled  bai'd,  but  two  tbings  bad  failed  ns — time  aud 
pcovisioiis — we  were  »kaeiog  our  eteps  to  ward  b  civili&ation.  The 
mmf  Ihftt  eYenimg  had  been  pitebed  on  the  banks  of  tbe  Busb  Hiven 
la  mie  foreground,  water  and  sb ingle  fitretcbed  in  desolate  faahion 
vetlw&rdf  to  where  ridges  of  dark  pine  woods  eloped  down  from 
im^  peaks  above,  sending  out  point  after  point  to  Btrengtben  the 
lonDs  of  tbe  middle  distaDoe  ;  whilst  beyoitd,  far  across  tbe  Columbia, 
Ike  Selkirk  mountains  raiged  their  snow^peaks  into  the  calm,  clear 
Ajy  A  mjiiterions  land  unexplored  and  unknown.  Through  a  rift  in 
Ibd  eloodfi  in  the  far  west  shone  tbe  setting  sun,  tinging  the  dull^grey 
lioada  of^erbead  and  tbe  stealthily  flowing  river  below  with  its  many 
Mloiired  fires.  A  faint  evening  breeze  softly  moved  the  upper  foliage, 
t  oonple  of  inqnisittve  ehipmnnks  wore  chattering  near  at  band,  and  a 
eni&U  Btro&m  could  be  beard  whimpering  amonget  tbe  thickets  down 
bj  the  banks  of  the  river. 

The  grent  gnjirled  tmnts  of  pine  and  fir  festooned  with  moss, 

fiDigi,  uid  dry  lichen^  tbe  dead  drooping  hrauches  and  the  half  fallen 

deoajing  ^imkd  propped  up  in  dreary  melancholy  urraj,  caught  for  a 

Boment  tbe  sunset^s  ruddy  glow,  whilst  tbe  shadows  of  the  dense  forest 

dukened  by  contrast.     And  as  the  eveuing  gradually  passed  into  tbe 

iB|fteiioQS  night,  the  etillneBSi  tbe  solitude,  and  the  remoteness  of 

lain  greAt  woods  became  more  evident  and  quite  beyond  description. 

fiadi  cveniDgfi  compensate  one  for  many   a   wet  dreary  day  spent 

aiBQtipt  tbe  mountainjs*     Nature  suddenly  offers  them  to  the  traveller 

vitkont  any  toil  on  his  part.     He  has  only,  sorrounded  by  tbe  dark 

fionst,  to  sit  watching  tbe  stretch  of  waters  and  the  ever-changing 

gloiy  of  Ibe  setting  sun  ;  then,  onmiudful  of  the  worries  of  yesterday, 

w  the  unoertaintie«  of  to-morrow,  amidst  the  great  stillness  be  feels 

titli  sb«olute  conviction  one  thing  and  oue  tbing  only — that  it  is 

good  to  be  alive  and  &ee.     Civilisation  teaches  us  much,  but  when 

oi»bu  tasted  once  tbe  freedom  of  the  wilds  a  difi'erent  knowledge 

ffMom.    The  battling  with  storm,  raiD^  cold^  and  sometimes  huuger, 

lad  ike  donbi  of  what  any  day  maj  bring  forth,  these  at  least  teach 

^  life — that  mere  existeuce — is  bejond  all  price. 

[J.N.C] 
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The  Ntbular  Thecrtf. 

I  iTAND  here  to-night  with  a  grave  Uu&k  before  me*  I  am  called  apon 
to  expound,  so  far  as  my  powers  will  permit,  an  exceptionany  gteai 
sabject.  How  puny  do  aU  otber  tbsngs  appear  in  compariBon  with 
the  great  Nebular  Theory  I  Our  per&onal  affairs,  the  affairs  of  ihe 
oonntry,  tl»e  affaira  of  the  Empire — indeed  all  bumnu  affairs,  pa«t, 
present  and  future — ehrink  to  insignificance  in  comparison  with  what 
ie  revealed  in  that  mighty  chapter  from  the  book  of  Nature  which  we 
hope  to  open. 

The  gmod  transformations  through  which  the  solar  system  bus 
passed,  and  is  even  now  at  this  very  moment  passing,  cannot  be  Bcen 
by  us  poor  creatures  of  a  day,  they  might  perhaps  bo  surveyed  hj 
beings  whos^  pulses  co anted  centuries  instead  of  seconds,  by  bcingi 
whose  minutes  were  longer  than  the  duration  of  dynaatiea,  by  beings 
to  whom  an  honr  was  far  longer  than  all  human  history. 

The  Sun  appears  constant  in  size  and  constant  in  lustre  during 
the  brief  interval  of  human  obisorvation,  but  the  Sun  has  not  always 
been  tbo  same,  it  did  not  always  shine  as  i|  does  now,  nor  will  it 
continue  for  over  to  shine  as  it  does  at  present  Our  great  luminary 
is  smaller  at  the  end  of  each  year  than  it  was  at  the  beginning,  the 
same  is  trne  through  indefinitely  great  periods  of  time.  In  a  retro- 
spect we  see  the  Sun  ever  larger  and  larger,  there  was  a  time  uncounted 
millions  of  years  ago  when  the  Sun  had  ten  times  the  diameter  that 
it  DOW  poBsessee,  thero  was  a  time  when  the  materials  which  now 
form  the  Sun  were  expanded  into  a  volume  of  diameter  greater  than 
the  diameter  of  the  Earth's  orbit  at  the  present  moment*  But  even 
when  tbo  Sun  was  millions  of  times  as  big  as  it  is  now  it  was  not 
heavier— there  could  not  have  been  appreciably  more  material  in  it, 
though  that  material  was  enormously  rarefied.  Thus  our  reasoniwg 
makes  ns  think  of  an  epoch  when  the  Sun  was  very  different  indeed 
from  the  globe  which  we  know  so  well.  It  had  then  no  Earth  to 
cherish  with  waj<mth  and  gladden  with  light.  Our  globe  \^bs  in 
those  davfl  truly  '*■  without  form  and  void:"     At  the  time  when  the 
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Bfm  vw  »woll&ii  oiit  into  this  great  ball  of  glowing  gas  the  materials 
flf  tlie  Earth  were  in  a  condition  utterly  different  from  their  present 
^Ate,  The  Eftrih  was  then  part  of  the  great  nebula  itself  from  which 
Ibe  Son  and  all  tlt€  solar  ejistem  has  l>eeQ  fonned. 

Laplace  bade  ns  imagine  a  great  primaeval  nebula  or  fire-mist. 

He  reminded  na  bow  this  moat  be  iaceaeantly  rmliating  its  heat  and 

^adoaVlj  contracting,     Laplace  demonatrELted  tbat  it  was  infinitelj 

pmiliable  such  a  nebula  would  have  gome  moTement  of  rotation ;  he 

pointed  cut  the  remarkable  dyoamical  law  bj  which  the  contracting 

ofajeol  womld  gradiiallj  accelerate  its  rotation,  and  he  showed  how 

Ihe  iimer  porlB  woald  thus  revolve  more  qnickly  than  the  outer 

parts.     I^plaoe  bade  ne  sec  bow  the  denser  partis  of  the  nebula  at 

tht  centre  gradually  drew  themselves  together  so  as  to  form  a  sun. 

He  showed  in  like  manner  how  the  outer  parte  of  the  nebula  gradually 

ooher<dd  together  to  form  the  planets.   By  strictly  dyiiamical  reasoning 

Laplace  thus  pointed  oat  how  from  an  extensive  diffused  nebula  a 

wlar  nritem  with  Sun  ami  planets  all  complete,  could  be  duly  evolved 

m  the  fapee  of  ages.    Laplace  bade  ms  see  how  the  subsidiary  systems 

<€  iatellitew  appropriate  to  each  planet  came  into  being,  bo  made  it 

plian  tbat  Iheaa  satellites  would  revolve  around  tboir  primaries,  just 

li  the  primariea  revolve  around  the  Snn^  ha  bade  us  follow  in  imagi- 

mtion  the  progress  of  the  whole  Bjetom,  from  the  widely  diffused 

Qfibuloaity^ — a  mtjre  stain  of  milky  light  in  the  sky  on  the  one  band, 

to  an  organiaed  Byatem  of  revolving  worlds  on  tbe  other. 

If  Laplace  lived  now  there  are  many  ohjeets  in  the  heavens  to 
vUfih  he  could  point  in  Tindicafcion  of  his  theory.  Tbe  age  of 
pMography  has  dnwned  and  tbe  photographic  plates  have  not  only 
Ultistrated  in  the  most  marvolJons  manner  the  Spiral  Kobulaa  dis- 
coreted  by  X#ord  Boesef  but  tbey  have  aueceeded  in  disclosing  many 
olhor  spiral  ncbolie.  Tbe  photographs  have  even  revealed  on  tbo 
jiktA  beautiful  spirsl  nebula  invisible  to  any  human  eye,  no  matter 
irljat  may  be  the  telescope  to  which  it  is  applied.  How  strikingly 
dy  tbe  spirml  nebulm  elucidate  Laplace's  theory.     We  see  in  the  Groat 

Show  the  central  part  is  condenBed^douhtless  in  ooneec^uenoe 
fret  that  the  nehnlous  m*vttflr  h  drawing  itself  together.  We  see 
^  the  future  Sun  may  gradually  become  evolved,  we  see  how 
pliDeU,  also  originally  '*  without  form  and  void,"  gradually  come 
hto  shape,  drawing  as  they  do  so,  their  material  from  the  aamo 
prilBttvml  fire*mi8t.  Wo  have  in  the  photograph  of  the  Great  Spiral 
4  EBtnelloaa  illustration  of  those  principles  of  celestial  evolution 
*kich  Laplace  laid  down  for  the  formation  of  the  solar  syatem.  I 
tij  to  imagine  the  astoniabment  and  delight  with  which  Kant  or 
lA|ilice  would  look  on  a  photograph  of  tbe  Great  Spiral.  If  we 
•wtbt  for  the  best  picture  of  the  great  primeDVal  fire-mist  which  hua 
Wvad  into  the  solar  system,  I  feel  confident  wo  could  not  obtain 
■^rtbiig  so  effeotive  as  a  phoUigrapb  of  this  wonderful  object, 

I  tm  permitted  to  illustrate  this  lecture  by  a  series  of  photo- 
(Uplii  whkh  have  been  most  kindly  sent  to  rao  by  Professor  Hale, 
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the  Director  of  tlie  Yerkes  Obeerratory,  and  Prof«sgoF  CEunpbell,  the 

BiiTctor  of  tbo  Lick  ObserTatcjry,  niid  I  bave  also  pictures  taken  hj 
Dr»  Isaac  Roberts  and  by  Dr.  W.  E,  Wilson.  These  plates  snggest 
tbe  wonder fal  yariety  and  abundance  of  tbe  nebuloiis  contents  of  the 
heaYeoB,  and  throw  much  light  on  the  Nebular  Theory  of  the  solar 
fiystem.  It  Beems  to  follow  from  tbe  rceoarches  of  the  late  lameoted 
ProfeBfior  Keeler  that  enormons  numbors  of  spiral  nebula  lie  within 
the  reach  of  our  photographic  plates.  Indeed  it  is  not  too  tniicb  to 
say  that  next  to  a  fixed  star  itself,  tbo  spiral  nebula  is  the  moBt 
obaracteristic  object  in  the  heavens.  The  significance  of  this  state- 
ment in  connection  with  the  Nebular  Theory  can  hardly  be  over^ 
estimated.  There  can  be  little  doubt  that  at  one  stage  of  the  history 
of  the  solar  system  the  gradually  evolTing  nebula  must  have  formed 
an  object  of  that  type  which  we  term  spiral. 

There  is  also  another  most  remarkable  discovery  of  modem  times 
which  has  added  much  weight  to  the  arguments  in  favour  of  &e 
Nebular  Theory.  If  the  Sun  and  the  Earth — to  confine  our  attention 
solely  to  those  two  bodies — had  originated  from  the  primfBVal  nebnla, 
they  would  bear  with  them,  as  a  mark  of  their  commou  origin,  a 
Btriking  identity  in  material  and  composition.  We  do  not  of  course 
mean  that  the  nebula  was  homogeneous  all  through »  Natar©  does  not 
like  homogeneity.  The  nebula  was  evidently  irregular,  vague  in 
fonu,  deose  in  some  places,  greatly  rarefied  in  others.  We  by  no 
means  assert  that  if  we  compared  a  sample  of  the  nebnla  in  one 
place  with  a  sample  of  the  same  nebula  taken  a  hundred  or  a  thou- 
sand million  miles  away  from  it,  that  the  two  samples  would  show 
identity  of  diemieal  compoflition.  We  need  not  be  surprised  at  this, 
remembering  that  two  samples  of  rock  from  the  same  quarry  would 
not  be  identical.  But  we  may  feel  confident  that  the  elements  present 
in  the  nebula  will  be  more  or  lees  vvidely  dispersed  through  it,  so 
that  if  two  globes  are  formed  by  concentration  in  diSereut  parts  of 
the  nebula,  we  might  reasonably  expect  that  though  these  two  globes 
would  not  be  actually  identical  yet  that  the  elementary  bodies  which 
entered  into  their  composition  would  be  in  Bubstantial  agreement. 
If  one  element,  say  iron,  was  abundant  in  one  body,  we  should  reason- 
ably expect  that  the  same  element  would  not  be  absent  from  the  other« 
Lajilace  bad  no  means  of  testing  this  surmise^  but  our  modem  methods 
enable  us  to  investigate  the  chemistry  of  the  Sun,  and  have  shown 
that  the  elements  of  which  the  Sun  is  composed  are  practically  the 
same  elements  as  those  of  which  our  Earth  is  built.  Is  not  this 
a  weighty  piece  of  testimony  in  favour  of  Laplaoe*fl  theory  ? 

Laplace  knew  not  of  these  photographic  and  speotroseopic  revela- 
tions ;  be  based  hie  belief  in  the  Nebular  Theory  mainly  on  a  remark- 
able deduction  from  the  theory  of  probabilities.  If  the  evidence  thus 
derived  seemed  satisfactory  to  Laplace  one  hundred  years  ago^  this 
same  line  of  evidence,  strengthened  as  it  has  been  by  recent  dis- 
coveries, is  enormously  more  weighty  now, 

Laplace  was  able  to  count  up  about  thirty  iustanoes  in  which 
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tooTftmcmts  of  revolntioD  and  moTemetits  of  rotation  in  tba  solar 
Intern  haA  &  common  direction.  Tba  mathematical  mind  of  Laplace 
drew  ft  t^m&rkable  inference  from  this  aaaoimity.  Here,  he  said, 
tn^r^  different  mavements;  each  of  them  might  have  been  either 
frmn  Hgit  t<j  left  or  from  left  to  ri<?ht,  but,  aa  a  matter  of  fact,  tbej 
•{«  alt  nnammouR*  Laplace  showed  that  there  was  a  thousand  mil- 
Ibiui  to  one  in  favonr  of  this  unanimity  being  the  result  of  some 
eommoti  oatme,  and  the  nebular  theory  offered  auch  a  can&e.  For  as 
tlie  great  nebtila  was  rotating  it  carried  round  with  it,  of  cotirae,  the 
nttiBWii  cyf  nebulae  which  were  ultimately  to  form  the  plaueta,  A  a 
«ush  of  the  planets  broke  away  from  the  central  mass  it  was  found  to 
be  revolving,  just  as  the  Moon  revolves  round  the  Earth,  aa  the 
aam  contracted  further,  its  motion  accelerated  an^l  the  planet  came 
to  turn  more  q^uickly  on  its  axis,  though  atill  at  all  timea  revolving 
in  the  sune  direction.  In  this  way  the  unanimity  uf  the  movements 
vif  a  natural  consequence  of  the  Nebular  Theory,  and  no  other  method 
liiever  been  soggested  by  which  so  ramarkablo  a  concord  could  have 
uiMii.  Laplace  deemed  that  the  thirty  common  movements  were 
ntfficient  to  establish  his  argument. 

Bat  the  modern  discoveries  haye  enormously  strengthened  the 
original  argument*  There  are  now  500  objects  which  revolve  around 
lh«  Suu,  and  they  all  move  in  the  same  direction.  The  numerical 
eiprwaion  for  the  probability  of  the  truth  of  the  Nebular  T booty  ba^ 
k>  be  correspondingly  amended*  The  argument  has  been  strength- 
Boed  billions  of  times. 

The  attention  of  astronomers  at  this  moment  is  directed  to  the 
nMn^oQS  nebula  associated  with  the  new  star  in  Perseus,  Photo- 
gftphs  taken  at  the  Yerkea  Observatory  shosv  that  the  nebula  is  in 
I  vUUi  of  rapid  motion.  This  remarkable  announcement  has  been 
eo&tirmed  by  a  similar  series  of  photographs  taken  at  the  Lick 
ObMrratorj,  3ncb  a  discovery  ^vould  bo  of  interest  were  it  only 
tor  tb«  eiromnBtance  that  it  is  the  first  occasion  on  which  motion  in 
i  nobula  has  been  certainly  observed.  But  the  most  important 
miiBBtance  is  the  extraordinarily  high  velocity  of  the  motion, 
iottdng  is  known  of  tbe  parallax  of  this  star,  except  that  it  is  too 
ttill  to  be  apppeciabk,  we  cannot  therefore  state  exactly  to  what  its 
f^odty  amounts.  It  seems  that  it  must  be  at  least  twenty  thousand 
i^ltt  a  second,  but  it  may  be  even  ten  times  as  much. 

Whether  the  phenomenon  is  velocity  of  actual  matter,  or  whether 
like  ob«ervationfl  may  not  admit  of  some  other  explanation,  must  for 
*^|ff«e«ent  remain  undeterraiue^l. 

b  a  notable  lecture  which  Huxley  gave  in  the  year  1330  on  the 
efittiiQg  of  age  of  *  The  Origin  of  Species,*  he  mentioned  some  groat 
dM«)T«rie«  in  Geology  and  Biology  which  had  taken  place  since  the 
f&bUoation  of  the  immi»rtal  work.  Ho  then  announced  that  these 
BlA  diiooveries  brought  such  wonderful  corroboration  and  illustra- 
Ibli  of  the  truth  of  Darwin's  theory  that  if  tbe  famous  doctrine  of 
Bilaiil  ■electiiin  had  imt  bfinn  formed  to  account  for  the  facts  of 
Vol.  XVIL    (No.  96.)  m 
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Nature  as  they  were  known  to  Darwin  when  he  wrote  his  book,  the 
theory  of  natural  selection  wonld  haye  had  to  be  formed  to  explain 
the  &ctB  which  had  been  brought  to  light  in  the  twenty-one  years 
which  succeeded.  We  may,  perhaps,  make  a  similar  claim  on  behalf 
of  the  great  Nebular  Theory.  If  that  theory  had  not  been  inyented 
to  account  for  the  phenomena  which  were  known  to  Laplace,  it  would 
haye  had  to  be  inyented  for  the  purpose  of  explaining  the  additional 
disooyeries  which  haye  been  made  in  the  century  which  has  since  run 
its  course. 

[B.B.] 
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PtafMsor  of  Electrical  Engineering,  ^niTersity  College,  London. 

The  Electronic  Theorif  of  Eleetricitif,* 

EB&BLi  progress  has  been  made  of  late  years  in  onr  knowledge 

MJHwrtiTTig    the   stTuctnre   and    relatioDS   of   atoms   and    electricity, 

laee&t  diaooferies  have  moreover  placed  in  a  new  light  old  theories 

tnd  experimeotal  work.     The  remarkahle  invcBtigatioua  and  deduc- 

yofii  made  from   bis  own  experiments  and  thoge   of  others,  which 

Utc  led  Professor  J.  J,  Thomson  to  the  concltislon  that  atoms  can 

be  gplit  up   iuto,  or  can  give  off,  Emaller  masses,  which  he  calls 

oorpascles,  bufe  b«^n  explained  by  him  on  many  occasion H.f      There 

ttemg  to  be    good  <;7idence  that  in  a  glass  vessel   exhausted  to  m 

Itig^  Tftcanm,  through  the  walla  of  which  arc  scaled  platinum  wires, 

'       telave  a  torrent  of  small  bodies  or  Bo-<^llod  corpuscles  projected 

Irmi  the  kathode  or  negative  wire,  when  the  terminals  are  eon  nee  ted 

L       tout  ind action  ooU  or  electrical  machine. 

I  Twenty-fiTe  years  ago  Sir  William  Crookes  explored  with  wonder* 

F  M  ektll  many  of  the  effects  due  to  electric  discharge  through  snch 
[  %b  vacna,  and  came  to  the  conclusion  tb^t  they  could  only  be 
^H  ti|daiiLed  by  the  supposition  that  there  was  present  in  the  tube 
^B  litter  in  a  fourth  itaie,  neither  solid,  liquid^  nor  gaseous,  but 
^M  'ndiaat  matter*  projected  in  etraight  lines  from  the  surface  of  the 
B  i*gatite  polo  or  kathode,  the  particles  moying  with  immense  velocity, 
«nd  ill  charged  with  negative  electricity.  He  showed  by  lieautif ul 
^Iwrioieats  that  this  radiatit  matter  bombarded  the  glass  wallfl  and 
Ko<)Qoed  phosphorescence,  Cf>uld  be  focaaeed  on  to  metal  sheets  and 
^der  tbem  red  hot,  and  could  drive  round  Uttle  windmills  or  vaties 
iociiuled  in  the  tube.     It  therefore  posseflaofl  the  qnaUty  of  inertia, 

•  The  ful  lowing  pa^ei  do  not  oontain  a  yerbatim  repioduation  of  the  diecourae 
yi'fcred  on  thba  oocftaioii,  bat  iLre  n  reprint  of  an  &FticlQ  in  the  *  Fopular  Scit^uoe 
'''Mthh/  for  May  ttl02,  bv  the  lecturerj,  covering-  eubstnatially  the  same  ffiouiid, 
^  ttprodiicNsd  hen!  bj  kind  peTmisBitin  of  the  etilitor,  Frofeaaor  J.  MoKe«n 

t  !^  •  Pc^uIm  Science  Monthly/  toI.  lix-  p-  9'2a,  "  On  Bodiei  sm&MeT  thaa 
^t^i,"  bj  ^tohmoi  J.  J-  ThotDBOn.  h\U3.  Soe  a\bo  by  th«  sam**  author  b 
jiplt  ia  tfafi  *  Phlkatnibicfbl  Magazine*  for  Deoeni^r  IHd9t  '*Dd  tbe  Mmnnm  of 
^  loQi  in  Omm  ai  Low  Pfimxu 
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ftnd,  in  consetinence  of  the  electric  cbirge  it  carries,  it  m  virtually  ^ti 
eleobio  onrrenip  ftnd  can  be  deflected  by  a  magnet  Tbe  proof  which 
bw  been  given  by  Profee&or  Thorn  eon  that  this  'radiant  matter' 
consiste  of  corpuscles,  a  thoaBand  times  amaller  than  an  atom  of 
hydrogen  in  mass,  and  that  they  are  shot  off  from  the  kathode  with  a 
Telocity  which  is  comparable  with  that  of  Hght^  explains  at  once 
both  their  kinetic  energy  and  also  the  manner  ia  wbieh  they  are 
able  to  pass  through  windows  of  altiTninium,  m  shown  by  Leaard, 
and  get  into  the  space  outside  the  tube*  Farther  more,  eridenee  has 
been  put  forward  to  show  that  the  alectric  charge  carried  bj  each 
one  of  these  tiny  corpuscles  m  exactly  tbe  same  as  that  which  a 
hydrogen  atom  carries  in  ^e  act  of  electroLysig  or  when  it  forms  a 
hydrogen  ion. 

It  seems  tolerably  clear  from  all  the  facte  of  electrolysis  that 
electricity  can  only  pass  throngh  a  condncting  liqnid  or  electrolyte 
by  being  carried  on  atoms  or  groups  of  atoms  which  are  called  ionB^ 
i.e.  wanderers.  The  quantity  thus  carried  by  a  hydrogen  atom  or 
other  monad  element,  such  as  sodi^im,  silver  or  potassium^  is  a  definite 
natural  unit  of  electricity.  The*  quantity  carried  by  any  other  atom 
or  group  of  atoms  acting  as  an  ion  is  a  I  way  b  an  exact  integer  multiple 
of  this  natural  unit.  This  small  indivisible  quantity  of  electrici^ 
has  been  called  by  Dr.  Johnstone  Stoney  an  electron  or  al^m  of  eU^ 
(nViVy.  The  artificial  or  conventional  unit  of  electric  quantity  on  the 
centimetre-gramme-second  system,  as  defined  by  the  British  Associa- 
tion Oommtttee  on  Electrical  Units^  is  as  follows  : 

An  el^4ro&iat{e  unk  of  electric  quantity  is  the  charge  which  when 
placed  npon  a  very  email  sphere  repels  another  similarly  charged 
sphere,  the  centres  being  one  centimetre  apart,  irith  a  mechanical 
force  of  one  dyne.  The  d^ne  is  a  mechanical  unit  of  force,  and  is 
that  force  which  acting  for  one  second  on  a  mass  of  one  gramme  gives 
it  a  velocity  of  one  centimetre  per  second.  Hence,  by  the  law  of 
inverse  squares  the  force  in  dynes  exerted  by  two  equal  charges  Q  at 
a  distance  D  ie  equal  to  Q'/D^\  Two  other  units  of  electric  quantity 
are  in  tise.  The  tlteinmagnetic  mnU,  which  is  thirty  thousand  million 
times  as  great  as  the  dectrostatic  unit,  and  the  practical  unit  called 
tbd  coulomb  or  amp$f&-eecoud,  which  is  three  thousand  million  times 
the  electrostatic  tinit.  We  can  calculate  easily  the  relation  between 
Ike  electron  and  the  couhmh  J  that  is,  between  Nature  t  unit  of  elec^ 
tricitif  and  the  British  Assooiation  unit,  as  follows : 

If  we  electrolyse  any  electrolyte,  say  acidified  water  whioh  yields 
up  hydrogen  at  the  negative  electro  ide,  we  find  that  to  evolve  one 
cubic  centimetre  of  hydrogen  gas  at  0°  C.  and  760  mm,  we  have  to 
pass  through  the  ekctrt>lyte  a  quantity  of  electrioity  equal  to  8*62 
coulombs.  For  96^540  coulombs  are  required  to  evolve  one  gramme 
of  hydrogen  and  11,200  cubic  centimetr^  at  0^0.  and  atmoBpheric 
pressure  weigh  one  gramme.  The  number  8 '  62  is  tbe  quotient  of 
y 6,540  by  ll;200. 

Variuus  arguments,  aomc  derived  from  the  kinetic  theory  of  gaaea, 
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iudicftie  that  the  noniber  of  molecules  of  bydrogcii  id  k  cubic  centi- 
iMtn  is  probablj  best  repreeented  bf  the  nnmbcr  tireuty^  million 
nUHim  million  =z  2  x  10^'.  Henoe  it  follow«t,  since  theru  are  two 
ilOBi  of  bjdrogeii    in  a   molecule,    tbat  in  electroBtatia  unite  tbe 

Ce  cbftTge  on  a  hydrogen  atom  or  hydrogen  ion  is 
96540  xj^x  10«  ^    65 
11200  X  I  Xi0'»       10" 


10»' 


of  A  O.G.S,  tileotrofltatic  unit 


of  a  coulomb. 


Aoourdtngly,  if  the  above  atomic  ch^ge  is  called  <me  eleeir&n  then 

the   oonTeDtional    Britiab  Ajs^ociation  electroatatic   unit  of  electric 

i|a>ntity  ia  equal  to  1540  luillion  olectroiiG,  and  the  quantity  called  a 

anliiiiib  is  nearly  five  million  millioii  million  electrons^     The  electroa 

m  ibe  electric  charge  carried  by  a  hydrogen  atom  or  ioa  is  evidently 

a  Tery  important  pbysietd  constant.     If  we  electrolyse,  that  is  deoom- 

pcMc  h  j  electricity  arjueou^  solutions  of  various  salts,  such  as  sodiom 

ollloride,  zinc  chloride,  copper  sulphate,  silver  nitrate,  we  find,  in  ao- 

eotdanoe  with  Faraday's  Laws  of  Electrolysis,  that  the  passage  of  a 

p^tn  iinantity  of  electricity  through  these  solutioiis  deoomposes  them 

in  jtroporlioiul  amounts  such  that  for  every  i6  grammes  of  sonlinin 

tibented  tber^  are  65  of  zinc,  63*5  of  copper  and  216  of  silver. 

These  maseea  ai^  called  chemical  equivalents.     Aecordiogly,  if  \^e 

imagine  a  number  of  veeeela  placed  in  a  row  containing  these  solutions 

ud  by  means  of  plattnnm  connecting  links  or  plates  we  pass  an 

•leetric  onrrent  through  the  series,  for  every  atom  of  copper  or  isino 

timed  to  their  respective  kathodes,  we  ahall  have  two  atoms  of  silver 

or  eodinm    similarly    transported.      Sinee   the   Bama    quantity   of 

•)«etricily  must  pass  through  every  vessel    in  the  same  time,  it  is 

tfideni  that  the  above  fact  may  be    interpreted  by  assuming  that 

vbilsi  an  atom  of  silver  or  aodiutn  acting  as  an  ion  carriefi  one 

tkctrun,  an  atom  of  zinc  or  copper  carries  two  electrons. 

In  the  same  way  we  may  have  atoms  which  carry  three,  four,  five 
uf  six  eleotfons.  Thus  we  may  inter[)ret  the  facta  of  chemical 
Iklipey  and  Faraday's  Law  of  Electrolysis  in  terms  of  the  electron. 
We  are  thus  confronted  by  the  idea  long  ago  suggested  by  Weber 
■id  by  Vofl  llclmholtz,  that  the  agency  w©  call  electricity  is  aiomic  in 
f#wte0^  that  is  to  say,  we  can  only  have  it  in  amounts  which  are  all 
iacft  m^feiples  of  a  ^rtain  small  unit.  Electricity  therefore  re- 
itables  those  artioles  of  oommeroe  like  cigars,  which  we  can  buy  in 
vm\  ttuml>ers,  1,  10, 60, 100^  1000,  but  we  cannot  buy  half  a  cigar  or 
fifo^iixths  of  a  cigar.  If  then  the  law  which  holds 'good  for  electricity 
i&iaodation  with  atoms  during  electrolysis  holita  good  generally,  a 
^tff  important  advance  has  been  made  in  establishiDg  the  fact  that 
thtte  is  a  small  indivisible  unit  of  it  which  can  be  multiplied  but  not 
^iTidcil,  and  ©very  quantity  of  electricity,  small  or  large,  is  an  exact 
mt^gcr  multiple  of  this  unit,  the  eleciron.  , 
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Theories  f*/  Eleclriciiy, 

Various  anevvers  Jj»?e  bsett  given  at  diflfemnt  timea  to  the  qnostion 
—What  is  electricity  ?  It  has  been  defined  as  an  imponderable  fluid, 
aB  a  force,  aB  a  mude  of  motion,  a  form  of  energy^  an  ether  Btraio  or 
difiplacement  or  a  molecular  motiou. 

At  one  time  physiciBtfl  baTC  couaidered  li  as  a  single  entity  or 
fluid ;  at  others  it  has  been  pronounced  to  be  duples  in  nature,  and 
poaitivG  and  negatiF©  fluids  or  electricities  have  been  hypothecated. 

The  Btato  of  electrification  Las  been  looked  upon  at  one  period  ae 
dne  to  an  excess  or  defect  of  a  single  electrieity^  at  others  as  a  conse- 
quence of  the  resolntion  of  some  neutral  fluid  into  two  components. 
An  electrical  charge  on  a  conduotor  has  been  regarded  as  something 
given  to  or  put  upon  the  conductor,  and  also  as  a  state  of  strain  or 
displacement  in  the  surrounding  non-conductor.  TLe  intelligent  but 
noO'^ecicDtific  inquirer  is  ofteu  diaappointed  when  he  findB  no  simple, 
and  as  he  thinks  oBSentiol,  anewer  forthcoming  to  the  above  question, 
and  he  asks  why  it  cannot  be  furnished. 

We  must  bear  in  mind^  however,  that  aoientifie  hypotheses  as  to 
the  underlying  causes  of  pbenomeua  are  subject  to  the  law  of  evolutitm 
and  have  their  birth,  maturtty  and  decay.  Theory  necessarily  suc- 
ceeds theory,  and  whilst  no  one  hypothesis  justified  by  obset-vations 
can  be  looked  upon  at^  expressing  the  whole  truth,  neither  is  any  likely 
to  be  destitute  of  all  degree  of  truth  if  it  sufficiently  reconciles  a  large 
number  of  observed  facts. 

The  notion  that  we  can  reach  an  absolutely  exact  and  ultimate  ex^ 
planation  of  any  group  of  physical  effects  is  a  fallacious  idea*  We 
must  ever  be  coiitent  with  the  best  attainable  sufficient  hypothesis  that 
can  at  any  time  be  framed  to  include  the  whole  of  the  observatiom 
under  our  notice.  Hence  the  qnesfciou^ — ^Wbat  is  electricity  f — no  more 
admits  of  a  complete  and  final  answ^or  to-day  tban  does  the  question 
What  is  Life?  Though  this  idea  may  seem  discou raging,  it  doeB 
not  follow  that  the  trend  of  scicutiJic  thought  is  not  in  the  right 
direction.  Wo  are  not  simply  wuuderiug  round  and  rounds  cbasing 
some  elusive  will-o'-the-wisp,  in  our  pursuit  after  a  comprehension 
of  the  Btructure  of  the  univeifle.  Each  physical  hypotbesis  serves, 
as  it  were,  as  a  lamp  to  conduct  us  a  certain  stage  on  the  journey. 
It  illuminates  a  limited  portion  of  the  path,  throwing  a  light  before 
and  behind  for  some  distance,  but  it  has  to  bo  discarded  and 
exchanged  at  intervals  because  it  has  become  exhausted  and  its  work 
is  done, 

Tbe  construction  and  testing  of  seieutifie  theories  is  therefore  an 
important  part  of  scientific  work.  The  mertj  collection  of  facts  or 
oven  their  utilisation  is  not  the  ultimate  and  bigbest  goal  of  scieutific 
investigation.  The  aim  of  the  most  philosophic  workers  has  always 
been  to  penetrate  beneath  the  surface  of  phenomena  and  discover 
those  great  underlying  fundamental  principles  on  which  the  fabric 
of  nature  rests.     From  time  to  time  u  fresh  endeavour  has  to  be  made 
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to  recoTifltmct,  in  the  tf  gbt  of  newly  acquired  knowledge,  our  ecieatific 
theory  of  any  group  of  effects.  ThiiB,  the  whole  of  oloctricid  phe- 
Qomeujk  hmre  become  U laminated  of  late  years  by  a  theory  which  has 
bMadoveloped  couoeruipg  the  atomic  structure  of  eloctricity,  and  this 
^jyiilliwu  m  called  the  Electromc  Thec/ry  of  ELectricity. 


W     Tl 


The  Aiamic  Theory. 


The  opiaioti  that  matter  ie  atomic  in  etructure  is  otie  which  has 
grown  in  strati gth  as  chemical  aud  physical  kiiowleflge  has  progressed. 
From  Detuocrittis,  who  is  said  to  have  taught  it  in  Greece,  to  John 
Lh&lton  who  gATo  it  defiuitenese,  and  to  Lord  Kelrin  who  furnished  the 
eu-liest  namerical  eBticuate  of  the  size  of  atotne,  in  spite  of  adverse 
erittcism^  it  ha^  been  found  to  he  the  best  reconciler  of  very  diverse 
tod  aomcrouB  observed  eliJeciB.     Lut  us  consider  what  it  really  lueaua. 
Sttpjiose  we  take  Boine  familiar  Bubetance,  such  as  common  table  Bait, 
aod  divide  a  mass  of  it  into  the  Bmallest  graiua  vialble  to  the  eye. 
IWh  tiny  fragment  is  sb  much  entitled  by  all  tests  to  be  called  table 
$aUy  or  to  give  it  the  chemical  name,  Bodie  ehloride,  as  a  mountain  of 
th«  material.     Imagine  that  we  continne  the  Bubdtviaion  under  a  good 
mieroeoope ;  we  might  tinally  obtain  a  little  tuaaa  of  about  one  hundred- 
ihcniiAndtb  of  an  inch  in  diameter^  but  beyond  thia  point  it  would 
banlly  be  vigible  even   under  a  powerful  lens.     Wo  may,  however, 
■tppwie  the  ^abdivisioii  continued  a  hundredfold  by  aome  more  deli- 
cate meftne  nutil  we  finally  arrive  at  a  amall  mass  of  about  one  ten- 
miUioDlh  of  an  inch  in  diaroeter.     A  variety  of  arguments  furnished 
bf  Haxwell,   Boltamanu,  Loschmidt,  Lord  Kelvin  and  others  show 
that  there  is  a  high  degree  of  probability  that  any  further  iubdivision 
toald  cause  the  portions  into  which  the  salt  is  divided   to  be  no 
3oii|!Br  identical  in  propertieB,  but  there  would  bo  two  kinds  of  partfi 
o<r  ptrticlea,  such  that  if  all  of  one  kind  were  collected  together  they 
•add  form  a  metal  called  sodium,  and  if  all  of  the  other  kind  were 
ttnilirly  picked  out  they  would  form  a  non-metal  called  ohlorine. 
KmK  of  theee  Bmallest  portions  of  table  ealt,  which  if  divided  are  no 
lunger  salt,  is  called  a  molecule  of  sodic  chloride,  and  eaoh  of  the 
|ftrU  into  which  the   molecule  is  diviaible   Ib  called  an   aiomf  of 
Kidiao]  or  of  chlorine.     In  dealing  with  the  dimenaiona  of  these  very 
tmll  portions  of  matter  an  inch  or  a  centimetre  is  too  clumsy  a  unit. 
^0  eipr&Ba  the  size  of  an  atom  in  fractiona  of  an  inch  is  worso  than 
■^itig  the  diameter  of  an  apple  in  fractions  of  a  mlla     Every  one 
Wwa  what  is  meant  by  a  millimetre ;  it  is  nearly  one  twenty-Sfth 
1^  tif  an   inch*      A    metre   ia   equal    to   a    thousand   millimetres, 
^uppoao   a   miUimotre   divided    into  a    thousand    parte.      Each   of 
^m  is  called  a  wieroi*  and  denoted  by  the  Greek  letter  ^.     This 
M»«fer  is  etill  too  large  a  unit  of  length  for  meaeuriug  tbo  eiae 
"f  »k»ais»6o  we  again  divide  the  micron  into  a  thousand  parts  and  call 
^  ft  micromillijnetre  or  microfnUt  and  denote  it  by  the  aymbol  /a/a, 
^rd  Kelvin's  estlnuite  of  the  diameter  of  a  molecule  is  that  it  lies 
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between  one  baudredtb  of  a  mioromil  and  two  mioromile,  that  ib  be- 
tween •  01  /ijEA  and  2  fi,^  Thii  k  certamly  a  verj  wide  estimate,  bat  it 
is  the  beet  yei  to  baud,  and  for  present  purposeB  we  tnny  take  it  that 
an  atom  is  b  small  portion  of  mftttcr  of  approximately  ono  milliontb 
of  a  millimetre  ur  one  mioromil  (1  jul/i)  in  diameter.  On  tbe  same 
scale  tbe  wave4ength  of  a  ray  of  yellow  ligbt  is  about  0* 6  /j.  or  4>00 ^/i 
that  IB  six  bundred  timea  tbe  size  of  an  atom.  We  know  notbing  as 
yet  about  the  relative  blzob  of  diffcretit  kinds  of  atoma.  In  tbe  next 
placse»  aa  regarda  tbe  number  of  moleculei  in  n  giTen  Bpaoe,  yanous 
diBtinguitihed  physiciBts,  Maxwell,  Eelviu,  Boltzmanu,  Van  der  Waale 
and  others,  baye  given  eBtimates  for  tbe  number  of  moleonlea  in  a 
cubic  oentimetre  of  air  at  ordinary  temperature  and  pressnre,  which 
vary  between  10^"  and  10^^,  between  a  million  billion  and  a  Iboneand 
million  billion.  All  we  can  do  in  to  take  a  roagb  mean  of  these 
different  values,  and  we  shall  consider  that  in  one  cubic  centimetre  of 
hydrogen  or  othtr  gas  at  0"^  C.  and  760  mm.  or  freezing  point  tind 
ordinary  pressure  there  are  about  2  x  10^*  or  twenty  million  million 
million  molecules.  To  underatand  what  this  enormous  number  meauB 
we  must  realiee  that  if  we  could  pick  out  all  tbe  molecules  in  one  cubiti 
inch  of  air  and  place  tbem  side  by  aide  in  a  row,  email  as  they  are 
individually,  the  row  would  extend  nearly  twice  the  distance  from 
the  earth  to  the  sun. 

Having  provided  ourselves  with  a  rough  idea  of  tbe  sizes  and 
numbers  of  the  molecules  of  any  gas,  wo  proceed  to  obtain  an  idea  of 
their  weight  or  mass.  Since  11,162  cubic  centimetreB  of  hydrogen 
gae  at  0^  C.  and  760  mm.  weigh  one  gramme,  it  follows  from  the  above 
facts  that  each  molecule  of  hydrogen  h&a  a  mass  of  nearly  1/10^^ 
of  a  gramme.  To  weigh  these  tiny  atoms  we  must  therefore  take  a 
unit  of  weight  ei^ual  to  one-billioutb  of  one-biJliuntb  of  a  gniiiimo 
and  tbeu  on  this  scale  tbe  hydrogen  molecule  weighs  10  such  unita 
We  may  obtain  iu  another  way  an  illustration  of  the  mass,  size  and 
number  of  the  molecules  of  any  gas  in  the  following  manner : 

First  as  to  siste.  Wet-an^in  a  good  Whitworth  measuring  infitm- 
ment,  detect  a  variation  in  length  of  a  metal  bar  equal  to  one  milliontli 
of  an  incb«  This  sbort:  length  would  be  oocnpied  by  35  moleculefi 
placed  iu  a  row  close  together.  We  cau  in  a  good  micro 6co|)e  t^ee  » 
small  object  whose  diameter  is  one  hundred* thousandth  of  an  inch. 
In  u  soiall  box  of  this  size  we  could  pack  16  milHou  molecules  oloee 
together.  The  BmaUest  weight  which  can  be  weighed  on  a  very  good 
chemical  balance  iB  one  hundredth  of  a  miHigramme.  The  united 
weight  of  one  million  million  million  molecules  of  hydrogen  would 
therefore  just  be  detectable  on  such  a  balance. 

Ultra- Atomic  Matter. 

Until  a  few  years  ago  our  knowledge  of  the  divisibility  of  matter 
may  be  said  to  have  ended  with  the  chemical  imit,  tbe  atom.  But 
of  lute  years  informatiun  has  been  steadily  accumulating  which  haa 


I 


1901] 


on  the  ^eelnmic  Theory  of  Ehctrieittf. 


led 


tu  aeqnainted  with  mntter  in  a  finer  state  of  snbdiTisioD.  For 
•  long  time  a  oonlroveisy  was  carried  on^  whether  the  radiation  in  a 
high  ▼ftcanm  tube  wliiob  proceeds  from  the  kathode  was  a  material 
lobatonoe  or  a  wave  motion  of  some  kind.  But  no  fact  yet  foond  is 
mcQtisiateiit  with  the  notion  which  originated  with  Sir  William 
CiocikeB  that  the  transfer  which  takes  placo  m  that  of  something 
which  hai  the  inertia  quality  of  matter,  and  his  term  ^'^  radiant  matter  " 
hi,  peculiaTly  euitablo  pbraso  to  doecribe  the  phenomena.  The  great 
toifaooe  which  has  since  been  made,  by  Professor  J.  J,  Thom&on  and 
otbera,  is  ihat  of  mea^^iiring  accurately  the  amount  of  bending  which 
i  atrema  of  thie  radiaut  matter  enperiencea  under  a  known  magnetic 
foft«,  and  from  this  deducing  the  ratio  between  the  mass  of  the 
rfciijint  partiel©  and  the  electric  charge  carried  by  it.  This  measure- 
ment  shows  that  if  the  radiant  matter  consists  of  corpnscles  or 
partielee,  eaoh  of  them  carries  a  charge  of  one  electron,  but  has  a 
&aii  of  about  one-thotfBaiidth  of  a  hydrogen  atom. 

The  eTidence  therefore  exists  that  Crookes'  *'  radiant  matter  '*  (also 
e&lled  the  '*  kathuJe  rays  '*)  and  Thomson's  *^  corpuscles/'  are  one  and 
the  Bame  thing,  and  that  thasc  corpuBcles  may  be  described  as  frag- 
ments broken  ofi*  frum  ohemical  atoms  and  possessing  only  a  small 
fraetioii  of  their  mass.  These  particles  are  shot  off  from  the  negative 
tmmnal  or  kathode  of  the  vacuura  tube  with  a  velocity  which  is 
from  one-fifth  to  one-third  the  velocity  of  light, 

Hort^ver,  it  has  been  sbowii  that  when  the  kathode  rays  pass 
Iboagh  a  thin  metal  window  in  a  vacaum  tube  and  got  into  the  space 
ontiide,  thus  forming  Lenard's  rays,  they  are  likewise  only  the  same 
fit  liiuilar  oorpuscles  in  the  Bpace  outside  rather  than  inaido  the 
ncaiiQ  lobe.  Finally  it  has  been  proved  that  these  electrified 
eorpnadea  are  present  as  well  in  the  mass  of  a  goa  through  which 
Bftutgen  rays  have  passod,  also  in  the  mysterioua  radiation  called 
Becquerel  rays  which  proceeda  from  uranium  and  other  radio-active 
ubitancas,  alno  in  all  flnmes,  near  all  very  h^^t  bodies  and  in  the  air 
ftitf  certaiii  metallic  surfaces,  on  which  ultra-violet  light  falls.  In 
^fimj  cma  the  corpuscle  is  cbargefl  with  an  electrtm  charge  of 
H^ve  electricity.  If  a  curpUMcle  originates  as  a  fragment  chipped 
off  from  an  electrically  neutral  atom  and  is  negatively  charged,  it 
IbUows  tbat  the  remainder  of  the  atom  of  matter  is  left  positively 


le  word  "  atom  "  therefore,  ag  far  as  it  signifies  something  which 
fnwoi  be  ett(,  is  becoming  a  misnomer  as  applied  to  the  chemical  unit 
^f  loatter,  becan^o  this  latter  is  capable  of  being  divided  into  two 
(ttti  of  very  uoeq^ual  sisui.  First,  a  small  part  which  is  negatively 
•leotrified  and  which  is  identically  the  same^  no  matter  from  what 
^wical  atom  it  originates,  and  eeoomUy,  a  much  larger  mt\ss  which 
'^  ttifl  remainder  of  the  atom  and  is  positively  electrified,  but  which 
^i  different  nature  depending  on  the  kind  of  chemical  atom  broken 
^>  ^  The  question  has  then  hegim  to  be  debated  whether  we  can 
^figtti«h  between  the  oorpuicle  and  fha  electric  charge  it  carricSf 
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ftiid  if  80  in  what  way.  In  o^er  words,  can  we  hare  on  unelectrifidd 
corpuscle,  or  i&  tlie  eorpnsole  ao  ideotified  with  its  electric  charge 

that  ihcy  ore  one  and  the  same  thing  ?  It  has  been  shown  esperi- 
luentally  that  an  electrlo  charge  in  motion  is  in  effect  on  electric 
currents  and  wo  know  that  an  electric  current  poasessei  something 
equivalent  to  inertia,  that  iB,  it  cannot  be  started  and  stopped 
inetatitly,  and  it  poseeBseB  energy.  Wo  call  thie  electric  inertia 
inductancei  hence  the  question  arieee  whether  the  energy  of  the 
curpueolea  when  in  motion  ib  solely  due  to  the  eleotrio  induetanco 
or  whether  it  is  partly  due  to  what  may  be  called  the  ponderable 
inertia  of  the  corpuscle. 

This  very  difficult  question  has  not  yet  been  even  approiimately 
settled «  At  the  present  moment  we  have  no  evidence  that  we  can 
^i6pal1lte  the  electron  charge  from  the  corpuscle  itself  H  this  is 
the  caea^thon  the  corpuscles  taken  together  constitute  for  all  practical 
purposes  negative  electricity,  and  we  can  no  more  have  anything 
which  can  bo  called  electricity  npart  from  corpuscles  than  we  can 
have  momentum  apart  from  moving  matter.  Fur  this  rcagon  it  is 
Bometitnee  usual  to  speak  of  tb©  corpuscle  carrying  its  charge  of 
one  electron  of  negative  electricity  simply  as  an  electron^  and  to  drop 
all  distinction  between  the  electric  charge  and  the  vehicle  in  or  on 
which  it  is  convoyed* 

It  is  remarfeablo  that  so  far  no  one  has  been  able  to  produce  or 
find  a  oorpuBcle  positively  electritied.  Poaitive  electricity  is  only 
known  in  aeeociation  with  masses  as  large  as  atoms,  but  negative 
electricity  is  united  with  corpuBclcs  or  mafSQ*  only  a  &mall  fraction 
of  the  size  of  an  atom.  This  does  not  prove  that  an  atom  may  not 
include  positive  corpuscles  or  electronsj  but  only  that  so  far  we  have 
not  been  able  to  isolate  them. 

The  Electronic  Theory  of  Eleclrkiiy. 

From  this  point  of  view  a  theory  of  electricity  originates  called 
the  electronic  theory.  The  principal  objects  of  consideration  in  t^ii 
theory  are  these  electrons  which  constitute  what  wo  call  electricity. 
An  atom  of  matter  iu  its  neutral  condition  has  been  assumed  to  con- 
sist of  an  outer  shell  or  envelope  of  negative  electrons  aeaociated  witb 
some  core  or  matrix  which  has  an  opposite  electrical  quality »  such 
that  if  an  electron  is  withdrawn  from  the  atom  the  latter  is  left  posi- 
tively electrified. 

A  neutral  atom  minus  an  electron  constitutes  the  naturiil  unit  of 
positive  electricity,  and  the  electron  and  the  neutral  atom  minu*  an 
electron  are  eometimeB  called  negative  and  positive  ions.  I>ef erring 
for  a  moment  a  further  analysis  of  possible  atomic  struotitre  we 
may  say  that  with  the  above  hypothesis  in  hand  we  have  then  to 
express  our  statements  of  electrical  facts  in  terms  of  the  electron  is 
the  fundamental  idea. 

All  that  can  be  attempted  bere  is  a  very  brief  exposition  of  the 
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whicb  has  no  far  attetided  this  effort  to  create  a  new  range  of 
fli«ekn(»l  oonceptioQa  Let  uh  ooQsider  first  the  fundamoutal  difference 
between  eubstaticea  in  resjiect  of  electrioalconducti?itj.  lu  the  eleo- 
tTQiiic  theory,  what  is  the  distinctioti  between  coodnctors  and  non-con- 
dnclona  ?  Il  most  he  remembered  that  on  the  electronic  hypothesis  an 
«li0bric  etirrent  ie  a  movement  of  electrons.  Hence  acoudnctor  must 
be  a  lobetanoe  in  which  electmns  free  to  move  exist.  It  is  considered 
HMmJm  ^at  in  metals  and  good  conductors  a  certain  proportion  of 
tit  Itoma  ftfe  broken  np  into  poaitiTe  und  negative  ions  or  into  elec- 
tnm  and  reinaiuders  of  atoms  which  we  may  call  coelectronB.  There 
Mf  be  a  constant  decomposition  and  recomposition  of  atoms  taking 
fttaa^  and  any  giTon  electron  bo  to  speak  flits  about,  now  forming 
pirt  0f  one  atom  and  now  of  another  and  anon  enjoying  a  free  exist' 
miml  It  raiembles  a  person  Tisiting  from  house  to  honse  forming  a 
wmi  in  difierent  households  and  in  between  beicg  a  solitary  person  in 
tlifl  street  In  non-conductors^  on  the  other  band,  the  electrons  are 
Diuch  restrict^  in  their  movements,  and  can  be  displaced  a  little  way 
brat  are  pulled  back  again  when  released.  The  positive  and  negative 
ions  or  electrons  and  coeleotrons  never  have  the  opportunity  to  part 
oumwny  very  far, 

Th«  feader  who  is  familiar  with  the  modern  doctrino  of  the  ioniza- 
iim  of  mliB  in  solution  will  see  that  a  close  similarity  exists  between 
ihii  view  of  the  atomic  state  of  a  metal  and  the  chemical  state  of  a 
^t  in  eolution.  The  ionic  theory  of  solution  is  that  if  some  salt^  say 
■^ic  chloride,  b  placed  in  water  a  certain  proportion  of  the  molecules 
<>(  iodic  cklofide  are  disaociated  into  sodium  and  chlorine  ions,  that  is 
lo  Biy,  atoms  possessing  electric  charges,  and  the  electric  conductivity 
of  the  solution  is  due  to  the  mobility  of  these  RaHne  ions. 

On  the  electronic  theory  a  certain  proportion  of  the  atomB  of 
touodnctor  are  similarly  in  a  state  of  electron ization.  The  application 
of  Ml  electrumotive-f orce  to  the  conductor  tlms  at  once  causes  the 
•Mnmft  to  begin  to  migrate.  If  wo  compare  conductors  and  non- 
eMid«st<»rt  we  shall  see  that  the  former  are  moetly  elementary  bodies, 
&e  metals  and  alloys  or  graphitic  carlMjn,  whilst  the  latter  are  all 
vety  eomplex  fiubstancee  such  as  glass,  ebonite,  the  oils,  shellac, 
nih*pereha,  etc.  These  last  have  large  and  complex  mo  lee  ales,  but 
^  good  conductors  have  all  simple  molecules  and  fimall  atomic 
flumes.  The  exoeptiouB  apparently  are  sulphur  and  carbon  in  tho 
funa  of  diamond*  When,  however,  we  remember  that  carbon  and 
nlplnir  are  elements  very  prone  to  polymerise  and  so  to  speak  oom- 
■sii  with  themselves  they  may  not  really  be  an  exception.  The 
*l*O^Ufl  may,  thefelbre  have  much  more  difficulty  in  exoha aging 
^  atom  to  atom  or  in  making  their  way  betwoon  or  through  the 
%lfl0itlee  when  these  are  very  complex  than  when  they  are 
«^pl«. 

The  question  then  may  be  asked  why  these  free  electrons  do  not 
*U  «icape  from  the  conductor.  The  answer  is  that  there  must  be  an 
equal  quatftity  of  clecti-onB  and  codec trons  or  rcmaindeni  of  atomi 
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or  of  Bo-called  ncgatiTe  and  positiTo  ioDs  and  the  etrong  attfaetioD 

between  tkeee  inToWes  the  expenditure  of  work  to  66|>ar&to  theTo. 
The  radio-actiTe  subBtancee^  auoh  aa  uranium,  poloniiiiD,  radium^ 
actinium  and  others,  to  which  bo  much  attention  baa  been  paid  lately, 
do  B0om  to  have  the  power  of  emitting  their  oorptiscles  or  electrons 
aud  Bcattering  them  abroad,  and  henoa  can  only  do  this  at  the  expense 
of  some  of  their  owb  internal  molecular  energy  or  else  drawing  upon 
the  heat  of  Burroonding  bodies* 

We  come  next  to  the  explanation  of  the  familiar  fact  of  eleotdfioa- 
tioQ  by  friction.  Why  is  it  that  when  we  rub  a  glass  rod  with  a  bit 
of  silh  the  two  tfaings  are  equally  and  oppositely  electrified  ?  To 
explain  this  on  the  electronio  theory  we  have  to  consider  the  state  of 
affiurs  at  the  surface  of  any  substance  immersed  say  iu  air.  At  the 
surface  where  the  air  and  glasB  meet  there  will  I>e  an  electronieation 
of  atoms  which  appears  to  result  in  the  formation  of  a  duuble  I&yer 
of  electrons  and  coelectrons  or  negative  and  positive  ions.  This  is 
probably  an  attempt  on  the  part  of  the  glass  and  air  tt>  combine 
chemically  together.  The  same  state  exists  at  the  surface  of  the  silk. 
When  we  rub  these  t^^o  things  together  these  double  layers  iire  very 
roughly  treated  and  are  broken  up.  The  whole  lot  of  electrons  and 
coelectrons  or  residual  portions  of  atoms  get  mixed  up  and  mt>ro  or 
less  divided  up  between  the  two  surfooos.  As  however  every  negative 
electron  has  its  positive  coelectron,  it  follows  that  what  one  surface 
gains  the  other  must  lose.  Hence  in  the  end  we  may  have  a  majority 
of  negative  iocs  or  electroni  left  ou  the  ono  surface  and  a  majority  of 
positive  ions  or  coelectrons  left  ou  the  other  etirfaee ;  and  ^e  glass 
and  the  silk  are  then  electrified  with  equal  quantities  but  opposite 
signg.  Owing  to  the  mutual  repulsion  of  the  similar  electrons  the 
chiirgc  resides  wholly  on  the  surface. 

This  conception  of  the  eiistence  of  a  double  layer  of  opposite  elec- 
tricities or  ions  at  the  surface  of  contact  of  two  substances  has  been 
put  forward  to  account  for  the  familiar  effect  of  the  electrification  of 
air  by  falling  drops  of  water.  It  has  long  been  known  that  the  oir  in 
the  neighbourhood  of  waterfalls  of  fresh  water  is  electrified  negatively, 
whereas  the  air  iu  the  neighbourhood  of  splashing  Bait  water,  as  at 
the  seaside,  is  positively  eleetnfied,  and  the  explanation  that  has  been 
givou  by  Professor  J.  J,  Thomson  it>  that  this  is  duo  to  ihe  breaking 
up  of  this  double  layer  of  ions  at  the  snrfa^  of  the  drop  when  it  strikes 
the  ground, 

Atemic    Valencif. 

At  this  stage  it  may  be  well  to  indicate  that  anj  valid  theory  of 
clectrioity  must  involve  an  explanation  of  the  fscts  of  chemical  oom- 
binaticin  aud  chemical  valency  as  well  At  present  aU  ideas  on  the 
structure  of  atoms  must  necessarily  be  purely  speculative.  So  much 
advance  has  been  made  however  in  tbe  development  of  a  department 
of  chemistry  called  stereochemistry  that  we  need  not  despair  of  coming 
to  know  in  time  much  about  the  architecture  of  atoms  and  molecules. 
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The  vmy  is  cleared,  bowever,  for  Bome  oonsi stent  ex(>1anations  if  we 
mA  iflnnne  th&t  one  or  tnore  free  electrons  cnn  attaoL  tbemsolTeB  to  & 
il  Atom  And  eo  gire  it  a  nogaliTO  charge  of  eleotrit^itj,  We  tnaj 
M  ft  first  assutuptioD  that  is  a  neatral  atom  which  is  otherwise 
there  eiiat  localities  at  which  one  or  more  eleciroQS  can  find 
ft  ptfTBiiietit  attachment.  The  iitom  is  then  no  longer  oeutral  bnt 
npiiviftly  electrified.  If  the  atom  can  as  it  were  accommodate  one 
ewetroii  it  ia  ft  monovalent  elatnent,  if  t^o  it  ie  cli?alentf  and  so  on.  If 
It  nonot  ftcoommodate  any  at  all  it  ia  an  avahnt  or  non-poletU  element. 
Consider  the  case  of  ga«eouB  molecale^.  Chemical  facta  te(ioh  us 
tliit  the  molecules  of  free  gaseous  hydrogen,  oxygen  or  other  gftses 
eantain  two  atoms,  so  that  these  free  molecules  are  rep  resented  by  {bo 
i^mbolA  H^  O,,  etc.  In  these  cases  hydrogen  and  orygen  are  so  to 
■peak  oombined  with  themseWeB.  We  can  explain  this  by  the  Buppoai- 
tkm  that  most  neutral  atoms  are  nna table  etructurea.  In  contact  with 
fiftch  oiber  Bome  lose  one  or  more  electron  &  and  an  equal  number  gain 
Qoe  or  more  electrons.  Hence  in  a  maas  say  of  hydrogen  we  have  some 
ftloaifl  which  are  positirely  electrified  and  some  which  are  negatively 
«lMfarified  then  called  atomic  Ions,  and  these  ions  nniied  pair  and  pair 

fonu  die  molecules  of  hydrogen  which  may  bo  represented  by  (H,  H), 
BimiUrlj  for  other  gases.  Certain  neutral  atoms  stich  as  tliose  of 
vgon  are  mon atomic  and  oon-valent  und  these  appear  to  be  unable 
to  filter  into  eombination  either  with  each  other  or  with  other  atomis. 
Aooordinglyt  in  a  mass  of  free  hydrogen  there  arc  no  free  electro ne  and 
iQ  the  pofitively  charged  aod  negatively  charged  H  atoms  are  in  nniou, 
Heocc  the  gas  is  a  non-ponduct<jr  of  electricity.  But  we  can  make  it 
I  outtductor  by  heating  it  to  a  high  temperature.  The  eiplanation  of 
tiuA  is  that  a  bigb  temperature  diasociatea  some  of  the  molecules  into 
ilotDs  and  theae  under  the  action  of  electric  force  move  in  opposite 
littetionB,  thus  creating  an  electric  correDt.  Thus  air  at  ordinary 
tMBperatures  is  an  almost  perfect  non-condactor,  but  at  a  white  heat 
it  cotiducts  electricity  freely. 

The  monoTsleDt  elementii  like  hydrogen  are  tbo«e  neutral  atomic 
itnMioreB  which  can  lose  one  electron  or  take  up  one  electron,  becoming 
n^eetiTely  positive  atomic  ions  and  negative  atomic  ions.  In  the 
ttae  way  the  divalent  elements  such  as  oxygen  are  those  neutral 
tteaie  structures  which  oan  part  with  two  electrons  and  take  up  two, 
iBi  10  on  for  trivalent,  quadrivalent,  etc*,  fttiims.  The  work  requiiod 
tOntaoTB  the  Mcond  electroo  probably  is  very  much  greater  than  that 
tlfdred  to  remove  the  first  Hence  in  polyvalent  atoms  the  valencies 
W  onequal  energy  values. 

Coniider  now  a  mass  of  intermingled  oxygen  and  hydrogen  con* 
iirtb^  of  neutral  molecules.  The  state  is  a  stable  one  as  long  as  all 
^i&uleculee  are  neutral.  If,  however*  we  dissociate  a  few  of  the 
yirogeD  ftsd  oxygen  molecules  by  an  electric  spark  or  by  heat  then 
^Ntt  is  a  recombination.  A  positive  oxygen  ion  unites  with  two 
lin  hydrogen  ions  and  a  yegative  oxygen  ion  with  two  positive 
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hydrogen  ions  and  tb©  reeult  is  two  nentrid  molecules  of  water.  This 
c»mbination  takes  place  because  tlie  tmion  of  axjgeo  ioaB  with  hydro- 
gen ions  to  form  water  evolves  more  heat  and  exbauets  more  potential 
energy  than  the  combinfttion  of  oxygen  with  oxygen  and  hydrogen 
with  hydrogen  ions  in  equivalent  quantity.  The  energy  set  free  by 
the  anion  of  the  O  and  H  is  sufficient  to  oontinue  the  disBociation  of 
foither  gftfieons  molecaIe%  bo  the  aetion  is  explosive  and  is  propagated 
throughout  the  mass. 

There  is  however  ft  broad  distinction  between  the  elements  in  this 
respect,  vi2. :  that  some  atoms  are  prevalently  electropaaitive  and  otbet« 
electronegative.  A  metidlio  atom  for  ijieta>noe  is  eloctroposltiTe,  btti 
the  atoms  of  non-metals  are  mostly  electronegative.  Moreover  metals 
in  the  mass  are  electricaUy  good  conductor 8,  whereas  non-metals  in  the 
mass  are  n  on-con  dtictors  or  bad  conductors.  This  may  be  eiplftined 
by  the  varying  degree  of  force  required  to  detach  electrons  from  neutral 
atoms  and  conversely  the  varying  degree  of  attachment  of  electrons 
for  neutral  atoms.  Thus  we  may  consider  that  the  metallic  atoma 
lose  very  easily  one  or  more  electrons,  and  also  that  there  is  a  some- 
what feeble  attachment  in  their  case  between  the  neutral  atom  anil  the 
free  electron.  Hence  metals  in  the  mass  are  oonductors  becaose  there 
are  plenty  of  free  electrons  present  in  them.  On  the  other  hand,  in 
the  case  of  non-metallic  atoms  the  force  required  to  detach  one  or  more 
electrons  from  the  atom  is  muoh  greater,  and  conversely  the  attachment 
of  free  electrons  for  the  neutral  atom  is  larger.  Accordingly,  in 
fiou-metals  there  are  few  free  electrons,  and  they  are  therefore  non- 
eondtictors.  Moreover,  the  presence  of  positive  and  negative  atomic 
ions  causes  thetn  to  link  together  into  more  or  less  complex  moleonlea, 
and  they  exhibit  poly  valency  and  act  as  the  grouping  elements  in 
molecular  complexes.  This  is  a  very  choracterisjtic  quality  of  the 
elements  sulphur,  silicon  and  carbon. 

Helmholtz  long  ago  laid  stress  on  the  fact  that  certain  physical 
and  chemical  effects  could  only  be  explained  by  assumiug  a  varying 
attraction  of  electricity  for  matter.     The  same  idea  followed  out  leads 
to  an  hypothesis  of  chemical  combination  and  diBsociation  of  salts  ia 
solution*    Thus  a  molecule  of  sodic  chloride  is  the  electrical  union  of 
a  monovalent  sodium  ion  or  sodium  atom  minus  one  electron  with  i 
chlorine  iou  which  is  a  chlorine  atom  plus  one  electron.     It  may  h& 
asked  why  in  this  case  does  not  the  extra  electron  pass  over  from  thts 
chlorine  to  the  sodinm  ion  and  leave  two  neutral  atoms.     The  answer 
is  because  the  union  between  the  electron  and  the  chlorine  is  probably 
far  more  intimate  than  that  between  the  atomic  groups.     These  latter 
may  revolve  round  their  common  centre  of  mass  like  a  donble  star,  hut 
the  electron  which  gives  rise  to  the  binding  attraction  may  be  mor*^ 
intimately  attached  to  the  atomic  group  into  which  it  has  penetrated^ 
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An  J  iheory  of  electricity  must  in  addition  present  some  adeqrmt^ 
ieaemt  of  sucb  fandibmeatal  facta  aa  voltaio  action  and  magneto- 
deo^o  indiictioii.  Let  as  briefly  conaider  the  former.  Suppose  a  strip 
flf  Mipper  fttteohed  to  one  of  zinc  and  the  compound  bar  immersed  in 
Vitar  to  whicth  a  little  hydrocliloric  acid  haa  been  added. 

All  diemical  knowledge  Becms  to  point  to  the  necesfiity  and  indeed 
nlidity  of  tbe  fiaamnption  tliat  tbe  toork  required  to  be  done  to  remove 
an  electron  &om  a  neutral  atom  vanee  with  the  atom.  Conversely  tlie 
■ttnction  which  eziats  between  a  &ee  electron  and  an  atom  deprived 
of  an  <}l@otron  also  varies.  Accordingly  the  attraction  between  atotnic 
ioat,  Huit  ia^  atome  one  of  which  has  gained  and  one  of  which  has  loet 
•ItetroiM*  ia  different.  Upon  this  speci:&c  attractioD  of  an  atomic 
ion  Ibr  electrons  or  their  relative  deBira  to  form  themselves  into 
BMti&l  molecnles  depem^a  what  used  to  be  callecl  chemical  affinity. 
Mr.  Bniheiford  has  shown  that  negative  ions  gave  up  their  charges 
aofo  readily  to  some  metals  than  others,  and  most  readily  to  the 
•laebo^positive  metals.  Hence  a  zinc  atomic  ion  is  more  ready  to 
tab  up  electrons  and  again  become  neutral  than  a  copper  ion. 

CoDsider  then  the  simple  voltaic  couple  above  described.  In  the 
electrolyte  wo  have  hydrogeo  ionB  which  are  H  atoms  minug  an 
electron,  and  chlorine  ions  which  are  chlorine  B>totn&  plus  an  electron  * 
Tkeae  ara  wandering  about  in  a  menstruum  which  conBiets  of  water 
molacales  and  hydrochloric  acid  molecules.  Then  in  the  metal 
\m  we  have  zinc  and  copper  divalent  ions  which  are  these  atoms  each 
wm§  two  electrons,  and  also  an  equivalent  number  of  free  and  mobile 


If  we  adopt  Tolta's  original  view  of  contact  electricity,  we  must 
umne  that  at  the  surface  of  contact  of  the  metak  there  is  some  action 
vhicb  drives  electrons  across  the  boundary  from  the  zi&c  to  the 
copper.  This  may  be  due  to  the  nentral  copper  atom  having  a  slightly 
grmter  attraction  for  electrons  than  the  neutral  zino  atom.  The  zinc 
ii  therefore  slightly  electrified  positively  and  the  copper  negatively, 
iccdrdingly  in  the'  electrolyte  the  negative  chlorine  ions  move  to 
Uu  nm  and  combine  with  positive  zinc  ions,  forming  neutral  ^inc 
^Wide,  two  chlorine  ions  going  to  one  sine  ion.  The  hydrogen 
i(n§  therefore  difiEnse  to  the  copper  side  and  each  takes  up  a  free 
^tron  from  the  copper^  becoming  neutral  hydrogen  atoms  and 
tea  escape. 

In  proportion  as  the  zinc  atomic  ions  are  removed  firom  the  zinc 
W  mill  the  corresponding  free  electrons  from  the  copper^  so  must  there 
^  I  gr&dija.l  ditfuaion  of  electrons  from  the  zinc  bar  to  the  copper  bar 
>c?Ott  the  metallic  junction.  But  this  constitutes  the  ToUalo  current 
lowing  in  the  circuit.  It  is  a  current  of  negative  electricity  lowing 
W  line  to  copper  and  equivalent  to  a  positive  current  from  copper 
^  tine.  The  energy  of  this  current  arises  from  the  differential 
*tti*ction  of  aiuo  and  copper  ioub  for  chlorine  ioua,  and  is  therefore 
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tlie  eqnivalant  of  the  exbanstion  of  the  ohemieal  potential  energy  of 
tte  cell.  Thus  the  eleotroalc  theory  owtlinei*  for  us  in  a  simple 
mautier  tho  meaning  of  voltaic  aotioti.  Evon  if  we  do  not  admit 
the  existenoe  of  a  metallic  junction  voltm  contact  force,  the  theory 
of  the  cell  may  be  baeed  on  tbe  view  that  the  movement  of  the 
saline  ions  in  tbe  electrolyte  is  determined  by  tbe  law  that  that 
motion  takes  place  which  resnlts  in  the  greatest  exhanstion  of 
potential  energy.  Hence  the  chlorine  ions  move  to  the  zinc  and  not 
to  the  copper. 

In  the  same  manner  tbe  electronic  theory  Rupplies  a  clue  to  the 
explanation  of  the  production  of  an  eleotric  carrent  when  a  conductor 
18  moved  across  a  magnette  field.  Every  electron  in  motion  creates  a 
luagnetio  force*  Hence  a  uniform  magnetic  field  may  be  considered  as 
if  due  to  a  moving  sheet  of  eleotrona.  The  *  cutting '  of  a  conductor 
across  a  magnetic  field  will  therefore  be  accompanied  by  the  same 
reactions  as  if  a  proceseiou  of  electrons  were  suddenly  started  in  it. 
This,  howev^er,  would  involve  at  tbe  moment  of  starting  a  backward 
push  on  sutToonding  electrons,  juEt  aa  when  a  bout  is  8et  in  motion 
by  oars  the  boat  ie  pushed  forward  and  the  water  is  pushed  back. 
Hence  there  is  an  induced  current  at  the  moment  when  the  field 
begins  in  the  conductor.  Similarly  the  reaction  at  stopping  the  pro- 
cession would  drag  the  surrounding  electron  with  it.  Accordingly 
the  induced  current  when  the  field  ceafles  is  in  the  opposite  direction 
to  that  when  it  begins. 

The  electronic  theory  has  in  the  hands  of  other  theorists  such  as 
Professors  P.  Drude  and  E.  Riecke  been  known  to  be  capable  of 
rendering  an  account  of  most  thermomagnetic  effects  on  metals » 
contact  electricity,  the  so-called  Thomson  efi^^cts  in  thormoeleotricity, 
and  also  the  Hall  e3ect  in  metals  when  placed  in  b  magnetic  field. 


Et€ctrm$  and  Mther. 

Tbe  ultimate  nature  of  an  electron  and  its  relation  to  the  netber 
has  engaged  the  attention  of  many  physicists,  but  we  may  refer  here 
more  particularly  fo  the  views  of  Dr.  J,  Larmor  whose  investigatioTifl 
in  this  difficult  subject  are  described  in  his  book  on  *  iEthor  and 
Matter '  and  also  in  a  series  of  important  papers  in  the  *  Transactions ' 
of  the  Koyal  Society  of  London,  entitled  '  A  Dynamical  Theory  of 
the  EUectrie  and  Luminiferous  Bfedinm/  •  Larmor  starts  with  the 
assumption  of  an  tether  which  is  a  frictiouless  Buid,  but  possesses  the 
property  of  inertia ;  iu  other  words,  he  assumes  that  its  various  parts 
can  have  motion  with  respect  to  each  other  and  that  this  motion 
involves  the  association  of  energy  with  the  medium.  He  regards  the 
electron  as  a  strain  centre  in  the  eether,  that  is  as  a  locality  &om 
which  lethcr  strain  ntdiates^     Electrons  can  therefore  be  either  puoi- 
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titi  <ff  luegatiye  according  to  the  direction  of  the  strain,  and  to  ereiy 
poatiTe  electron  there  is  a  corresponding  negative  one.  Atoms 
ftC00t4iiig  to  him  are  collocations  of  electrons  in  stable  orbital  motion 
lilbe  Ktar  clnsters  or  systems. 

Ad  electron  in  motion  is  in  fact  a  shifting  centre  of  rather  strain 
ukil  it  can  be  displaced  through  a  stationary  satber  jnst  as  a  kink  or 
Imot  in  •  rope  can  be  changed  from  place  to  place  on  the  rope. 

Ad  electron  in  rihration  creates  an  mther  wave,  but  it  radiates  only 
mhen  its  Telocity  is  being  accelerated  and  not  when  it  i&  uniform > 

The  type  of  sther  which  Larmor  assumes  as  the  basis  of  hie 
n-aiioiiing  is  one  which  has  a  rotational  elasticity,  that  is  to  say,  the 
Tarioos  portions  of  it  do  not  resist  being  shea^d  or  slid  over  each 
uthur,  but  they  resist  being  given  a  rotation  round  any  axis.  Starting 
Emm  these  postulates  and  guided  by  the  general  and  fundamental 
fhsietple  of  Least  Action,  he  has  erected  a  consistent  scheme  of 
■alaeular  physics  in  which  he  finds  an  explanation  of  most  observed 


The  discovery  by  Zeeman  of  the  efibcts  of  a  strong  magnetic  Held 
in  triplicating  or  multiplicating  the  lines  in  the  spectrum  of  a  flame 
piieid  in  a  magnetic  field  meets  with  an  obvious  explanation  when  we 
fomember  that  the  effect  of  a  magnetic  field  on  an  electron  in  motion 
11  to  accelerate  it  always  transversely  to  its  own  motion  and  the 
linction  of  the  field.  Hence  it  follows  that  a  magnetic  field  properly 
vtoated  will  increase  the  velocity  of  an  electron  rotating  in  one 
iiieetion  and  retard  it  if  rotating  in  another.  But  a  linear  vibration 
WKf  be  resolved  into  the  sum  of  two  oppositely  directed  circular 
ButiouB  and  accordingly  a  magnetic  force  properly  applied  mu«t  act 
oa  %  single  spectrsl  line>  which  results  from  the  vibration  of  an 
iflectFOQ  in  such  manner  aa  to  create  two  other  lines  on  either  side, 
OTU!  representing  a  slightly  quicker  and  the  other  a  slightly  slower 
Tibntioai. 

The  notion  of  an  electron  or  point  charge  of  electricity  as  the 
dtisute  element  in  the  structure  of  matter  having  been  accepted,  we 
o@  itarted  on  a  further  inquiry  as  to  the  nature  of  the  electron  itself, 
h  ii  obvioaa  that  if  the  electron  is  n  strain  centre  or  singular  point 
in  tbe  letheri  then  corresponding  to  every  negative  electron  there 
nut  be  a  poaitire  one.  In  other  words,  electrons  must  exist  in  pairs 
of  BQeh  kind  that  their  simultaneous  presence  at  one  point  would 
rt^U  in  the  annihilation  rs'f  both  of  them. 

On  the  view  that  material  atoms  are  built  up  of  electrons  we  have 
^  teek  for  a  structural  form  of  atom  which  shall  be  stable  and  equal 
^>  the  production  of  e fleets  we  find  to  exist. 

Tike  first  idea  which  occurs  is  that  an  atom  may  be  a  collection  of 
^^Botrottf  in  static  equilibrium.  But  it  can  be  shown  that  if  the  eleo- 
^1  Bunply  attract  and  repel  each  other  at  all  distances  according  to 
1*1*  Uw  of  the  inverse  square  no  such  structure  can  exit^t.  The  next 
*^  ii  that  the  equilibrium  may  be  dynamic  rather  than  static,  that 
**>  4<jru  inaylcousiet  of  electrons,  as  suggested  by  Larmor,  in  orbital 
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motion  round  eftch  other^  in  fact  that  each  atom  is  a  miniature  aolar 
Bjatem. 

Against  this  Tiew,  hoireTer,  Mr.  T.  H.  Jeans  *  has  pointed  ont 
that  an  infinite  number  of  yibratioDB  of  the  electrons  wonid  be  possible 
about  each  state  of  et^dj  motion  and  hence  the  spectrum  of  a  gas 
would  be  a  continuous  one  and  not  a  bright-Hne  spectrum. 

If  we  are  to  assume  an  atom  to  consist  wholly  of  positive  and 
negative  electrons  or  point  charges  of  electricity,  Mr.  Jeans  bus 
suggested  that  we  may  obtoiii  a  stable  structure  by  postulating  that 
the  eleetronS)  no  matter  whether  sitnilar  or  diBsimQar,  all  repel  each 
other  at  very  small  distances. 

We  might  then  imagine  an  atom  to  l>e  built  up  of  eonoantric 
Bhells  of  electrons  like  the  coats  of  an  onion  alt-ematt^ly  positive  and 
uegatife,  the  outermost  layer  being  in  all  caQOs  negative.  The  differ- 
ence between  the  total  number  of  positive  aud  negative  electrons  ib 
the  valency  of  the  atom. 

On  thifi  view  an  atom  of  hydrogen  would  coneist  of  frotn  700  to 
1000  positive  and  negative  electrons  arranged  in  concentric  layers  in 
a  spherical  form.  The  vibrations  which  emit  light  are  not  those  of 
the  atom  as  a  whole  but  of  the  individual  electroDB  which  compose  it. 

The  reason  for  assuming  that  in  all  cases  tbe  outermost  layer  of 
olectrouB  is  negative  is  that  if  it  were  not  so,  if  some  atoms  had  their 
outer  layers  of  negative  and  some  of  positive  electrons^  two  atoms  when 
they  collided  would  bec^ime  entangled  and  totally  lose  their  indivi- 
duality. There  would  be  no  permanence.  Hence  our  present  atoms 
may  he^  so  to  speak,  the  survivors  in  a  struggle  for  exiistenee  which 
has  resulted  in  the  survival  only  of  all  atoms  which  are  of  like  sign 
in  the  outer  layer  of  electrons.  We  see  an  instance  of  a  similiir 
action  in  the  case  of  the  like  directed  rotation  of  all  the  planets  round 
the  sun  which  is  due  to  the  operation  of  the  law  of  conservation  of 
angular  momentum.  As  a  coTiso(iuence  of  the  equality  of  sign  of  the 
outer  layer  of  electrons  two  atoms  cannot  approach  infinitely  near  to 
each  other.  They  mutually  repel  at  very  small  distances.  This 
suggestion  affords  a  possible  clue  to  the  reason  why  we  only  k&ow  at 
present  free  negative  electrons ;  it  is  because  wo  can  only  detaeh  a 
corpuscle  or  electron  from  the  outer  layer  of  an  atom.  It  is  clear, 
however,  that  the  complete  law  of  mutual  action  of  electrons  has  yet 
to  be  determined.  We  have  also  to  account  for  gravitation,  and  this 
involves  the  postulate  that  all  atomic  groups  of  electrone  withoBt 
regard  to  sign  must  attract  each  other.  Heuoe  we  need  some  second 
Newton  who  shall  formulate  for  ue  the  true  law  of  action  of  these 
eleetrODs  which  form  the  **  foundation  stones  of  the  material  universe." 
Facts  seem  to  suggest  that  the  complete  mathematical  expression  for 
the  law  of  mutual  action  of  two  electrons  must  show : 

1.  That  at  exceedingly  smalt  distances  tbey  must  all  repel  each 
other  without  regard  to  sign. 
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2.  Tkftt  &i  greater  distaaoes  pofiitt?e  electrons  mnBt  repel  poeitiva 
ud  Q^gatiTe  rapel  negattTD,  but  unlike  electrons  attract,  with  a  foToe 
wliioh  Tuies  inTeiiBelj  as  tBa  square  of  the  distance, 

3.  Saperimpoeed  on  tbe  above  there  mnst  be  a  reanltant  effect  Buah 
that  all  atomB  attract  each  at  distances  great  compared  with  tlatr  size 
witlumt  regpud  to  the  relative  number  of  pomtive  and  negative 
deetronfl  which  oompoBQ  them,  inversely  aa  the  square  of  the 
diitaooe. 

In  thia  last  condition  we  have  the  necessary  poatulate  to  acconnt 
ivT  nuiTersal  gravitation  in  accordance  with  Newton's  law. 

It  is  conceivable,  however,  that  this  differential  or  resultant  ani- 
TGcial  attraGtion  to  which  gravitation  is  due,  is  onlj  true  of  electrona 
when  gathez^d  tc^ether  so  as  to  form  atomB.  In  order  words,  e?ery 
itf>m  attracts  erory  other  atom ;  but  every  electron  does  not  attract 
fltaiy  other  electron.  Universal  gravitation  may  be  an  effect  dne  to 
^  eoUocation  of  electrons  to  form  atoms  and  molecules,  but  not  an 
lltiihtite  uf  electrons  in  themselves^  the  ugh «  if  the  gravitative  effaot 
it  ^portional  to  the  product  of  the  total  number  of  electrons  in  each 
OMi^  the  Newtonian  law  will  be  fulfilled.  It  has  boen  also  suggested 
ttil  m  sufficient  source  for  the  necessary  resultant  mass  attraction 
naj  he  fuund  in  a  slight  superiority  of  the  attractive  force  between 
t«o  opposite  clectrona  over  the  repulsion  between  two  similar 
ilietfotia. 


\i 


Ccndusitm, 


la  thfi  above  sketch  of  the  electron  io  theory  we  have  made  no 
•ttffiapt  to  present  a  detailed  account  of  disco veriea  in  their  hiBtorioal 
ofdor  or  connect  them  especially  with  their  nuibors.  The  odIj  object 
hn  been  to  show  the  evolotion  of  the  idea  that  electricity  is  atomic 
in  itmcture,  and  thus  these  atoms  of  electricity  called  electrons  attach 
tbcnielvea  to  material  atoma  and  are  separable  from  them.  These 
taabable  particles  constitute  as  far  as  we  yet  know  negative  elec- 
trieity.  The  regular  free  movements  of  electeons  create  what  we  call 
»a  electric  curreot  in  a  conductor,  whilst  ^eir  vibrations  when 
itUched  to  atoms  are  the  cause  of  ©ther  waves  or  radiation,  whether 
»cttnic,  luminous,  or  thermah  The  aatlier  can  ouly  move  and  be 
3)0 vod  by  electrons.  Hence  it  is  the  electron  which  has  a  grip  of  the 
>i^4or  tnd  which,  by  iti  rapid  motions,  creates  radiation,  aud  in  turn 
i>  tlfccted  by  it  We  have  therefore  to  think  of  an  atom  as  a  sort  of 
P|ui«t  aocomiianiod  by  smaller  satellites  which  are  the  electrons. 
■OWnw  the  electrons  are  capable  of  an  independent  eiistence,  in 
vblefa  nase  thoy  are  particles  of  so-oalled  negative  electricity,  Th^ 
^  Isaving  Om  proper  quota  of  electrons  is  electrically  neutral,  but 
^  electrons  subtracted,  it  is  a  positive  atomic  ion,  and  with 
4nfrons  a<ldcd  to  it  it  is  a  negative  atomic  ion.  It  has  been 
4e«ti  from  a  quantitive  study  of  snob  diverse  phenomena  as  the 
^<Biii  oibnt,  the  cotiduoiibility  prod  a  cod  io  gases  by  I^untgeu  r&y^ 
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or  hy  ultr&^rlolet  Uglit  and  from  the  magaetfc  dedoction  of  kathode 
Tays,  that  in  all  cft^ee  where  we  have  to  deal  with  free  moTing,  or 
Tibratuig  elcctnitie,  the  electric  charge  they  carry  is  the  same  us  that 
oonTeyed  by  a  hydrogen  atom  in  electrolyaiB. 

There  is  good  gronnd  for  the  view  that  when  a  gas  ie  made  iuoan- 
desoent,  either  by  an  electric  discharge  or  in  any  other  way,  Hie 
vibrating  bodies  which  give  rise  to  the  light  waves  are  these  electrons 
in  asBociation  with  the  atom.  The  energy  of  mass  movement  of  the 
atom  determines  temperature,  but  the  fact  that  we  may  have  light  given 
out  without  heat,  in  short,  cold  ligkif  becomes  at  onco  po^dible  if  it  is 
the  vibrating  electric  imrticlc  attached  to  the  atom  whidi  is  the  cause 
of  eye-affecting  radiation  or  light. 

LorentZf  HelmhoUz,  Thomson  and  others  have  shown  that  such  a 
oonoeption  of  atomic  strnctcire  enables  ns  to  explain  many  electro- 
optic  phenomena  which  are  inexplicable  on  any  other  theory.  Mai- 
weU'e  theory  that  electric  and  magnetic  effects  ate  dne  to  strains  and 
stresses  in  the  «ther,  rendered  an  intelligible  aoconnt  of  electric 
phenomena,  so  to  say,  in  empty  space,  and  its  veri&cation  by  Hertz 
placed  on  a  firm  basis  the  theory  that  the  agencies  we  call  electric 
and  magnetic  force  are  affections  of  the  letber.  Bnt  the  complica- 
tions in  trod  need  by  the  presence  of  matter  in  the  electrio  aod 
magnetic  fields  presented  immense  di^oalties  which  Maxwell's 
theory  was  not  able  to  overcome. 

The  electronic  theory  of  electricity,  which  is  an  expansion  of  an 
idea  originally  due  to  Weber,  does  not  invalidate  the  ideas  which  lie 
at  the  base  of  llaxwell^s  theory,  bnt  it  supplements  them  by  a  new 
oonoeption,  viz.«  ibat  of  the  electron  or  electric  particle  aa  the  thing 
which  is  moved  by  electric  force  and  which  in  tarn  gives  rise  to 
magnetic  force  as  it  moves.  The  conception  of  the  electron  aa  a 
point  or  small  region  towards  which  lines  of  strain  in  the  ffither 
converge,  necesRitetes  the  correlative  motion  of  positive  and  negative 
electrons.  We  fure  then  led  to  ask  whether  the  atom  is  not  merely  a 
collocation  of  electrons.  If  so,  aU  mechanical  and  material  effects 
mnst  be  translated  into  the  language  of  electricity.  We  ought  not 
to  seek  to  create  mechanical  eiplanationa  of  electrical  phenomena 
but  rather  electrimd  ones  of  mechanical  effects.  The  inertia  of  matter 
is  simply  due  to  the  indue  banco  of  the  electron,  and  ultimately  to  tba 
time  element  which  is  involved  in  the  orefttion  of  lethor  strain  io 
a  new  place.  All  the  facts  of  electricity  and  magnetism  aro  capable 
of  being  re- stated  in  terms  of  the  elactroQ  idoa.  All  chemicftl 
changes  axe  due  to  the  electria  forces  brought  into  exiatenoe  between 
atoms  which  have  gained  or  lost  electrons.  If  moving  electrons 
constikite  an  electric  current,  then  electrons  in  rotation  are  the 
cauiie  of  mag qe tic  effects.  In  optics  it  is  capable  of  giving  a  con^ 
siatent  explanation  of  dispersion,  absorption  and  onomalons  dispersion 
and  the  relation  of  the  index  of  refraction  to  the  dielectric  constant, 
A  scientific  hypothesis,  with  tliis  wide  embrace,  wbioh  opens  many 
olofled  doors  and  enables  us   to    trace  out  the   hidden  connection 
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bdween  iDch  tuioiis  deparimentB  of  physical  phenomena,  is  ono 
whieh  must  oontinne  to  attzaot  inyesiigatois.  Physical  inqnirers 
an  at  present,  howerer,  groping  for  goiding  fifusts  in  this  cUfQciilt 
iield  of  inTesiigfttion,  hnt  we  haye  confidence  that  mathematioal  and 
cqKrinientiJ  refleazeh  will  in  due  time  hring  the  reward  of  greater 
Hght 

[J.  A.  F.] 


182 


Genial  MotUhly  Meeting. 


» 


GENEEAL  MONTHLY  MEETING, 

Mondttj?,  June  2,  1902, 

Hifl  Gracse  the  Ddkb  ar  Nobthuwbseland,  K^G.  D.CX.  F,ILS., 
Freaiden^  in  the  Chair. 

John  Christie,  Eetj. 

Fruncifi  Kt^uuedy  Mc01caii«  Esq. 

Sir  Joh&  DeuiBou  Fender,  K.O^M.G. 

wera  okclod  MembeiB  of  the  Eoyal  lustitutioij. 

The  PiiEtiBNTs  recoived  ginco  the  last  Meeting  were  laid  on  ttie 
table,  and  the  thanka  of  tbo  Members  rdturaed  for  tbt^  siimej  viz.  :^ 

FROK 

leeadi^mia  dH  ii'iwJci*  E^aU,  Bomm—CUmG  di  Soienw  FUiohe,  ltat«iiimticbe  c 
Naturali.    Atti,  Beri«  l^iuiuta:  Beudioouti.     1.^  Beuw^tre,  VoL  XI.  Fwc. 

ClftMO  di  Soienze  Momli,  StoHcbe^eto,  Serie  Quintm  Vol.  XI.  Fiiac,  I,  2.   8m 
i«*ri<Jon  {feDorapAieol  Siwtdy— Bulletin,  Vol.  XXXIV.  No.  2,    8va     19ii2. 
Jfi(tg«ar«ir,  ^iL'/w  f/— ArcljHiuIoK'ift,  Vol  i.VII.  Part  %    iU).    1UU2. 

Frocet^diiiKK,  VoL  XVIII.  No.  11. 
AfitTonomical  Soddy,  J?o3^i/— Moaihly  NoticLB,  Vol   LXIL  No.  6.     Svo.     1£KH 
Banhsrt,  ImtiiuU  of— Journal  VoL  XX  HI.  Part  V.    8m     1002. 
BarCioiornew'i  Hotfrtial,  Sl.^-^tfttistical  TahleB  foi  J90L    8  to.     liM>2. 
/fefffiiim,  /^a^rtl  jictirfemy  o/ JSerentffj— Bulletin,  1901 ;  Idir'l,  J^.     Sva 

Atmuuire,  I9(l2,    8vo. 

Srem.  Cour,  et  dea  envantfi  ctrang.  Tome  LIX.  Fuao,  I,  2,     4tt>.     11)0 L 

Rlem.  Oour.  et  nutma  Mem.  Tome  I.XI.    »vo.     1U(»2. 

Meraoirea,  Tome  LIV.  T&ac.  1-4.    4  to.     lUOL 
^er/tn,  ^Mdef/jy  o/ ^encfl* — Sitzunt^lKTichte,  19ir2j  Koa.  l-2if.     SvcK 
Boiton  I'ltWic  lifrrurp— Monthly  Bulli.tin  for  May,  190*1.    8vo- 
Bosimt  Sociatu  of  Natural  Hwtofy— Procetdtnga,  Vol.  XXIX.  Noa.  15-18 ; 
XXX.  Jk«.  1,  2-     Sto.     l<>nL 

Index  to  North  Aroeriffiin  Ortboptera.     By  8.  H.  Scuddei,     Svo.     190L 
BrftW*  jlrcA^e^ri*.  iJoj^oI  /»fffiiMio  of— Jyuniftl,  Tliird  Swriee,  Vol.  IX.  No«.  13,  H- 

4to.     1902. 
BritMi  A^rnnomicat  ^nsociaf lon^-Joiimal,  Vol.  XI I.  Nn.  7.     Sto.     I9(H. 
Bnwfej,  M.  Jamyn,  Ef.*i.  {the  Jii/Aor)— -The  Elomenta  of  Mind.    8vo,     1002. 
Bryniiwr,  B.  JSsj.— Keport  or*  Cunadiiui  Archives,  ItNll.     8vo. 
Buem*  AyrtM,  Ci(j^— Mouth ly  Bullttiu  of  Muoicipal  Statistica,  Mftit;h,  l(Ni2.   4t*> 
Cbli/iJimiVi,  (7TMtw?r^(i(  (j/— FublicationB,  VM\.    &¥o, 
Gflm^r*'%e  C'TdPt^rfl^jty  Lffcrar^—lltipoH  fof  the  year  190 1.     4tD.     1002. 
Catnera  CluJ; — Journal  fur  May,  1^1)2.     Svo. 

Canada,  Geological  Surdity  q/"— ContiibutionB  to  CntiadiaH  PaleBootology,  Vol.  iM^ 
Part  2;  Vol.  IV.  Part  2.    8to.     1900-1. 

Catalogue  of  M^dr^e  lawrttibrata  of  Eastern  Gaoada.     8to.     1901, 
Ohmnical  Indmlry,  JSociety  o/-Jouriial,  Vol.  XXI.  Noii.  U,  10.     8vo.     1902 
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Chtmhal  SodHf^Troo^edingB,  Nob.  251,  252.    8to.    1902. 

Jownal  ten  Jane,  1902.    8^. 
Chicago,  Fidd  ColmMan  jr«M0«M»-PabUcatioii8  : 
Aimiml  Bepofft  for  1900-1901.    8to. 
6co]ogk»l  Series,  Vol.  I.  No«.  10,  11.    8to.    1901. 
Co^em,  library  o/— Beport  of  the  LibnriAn  for  1 901 .    8vo.     1 902. 
Dewar,  Profe$9or^  M^  F.BJ3.  MM.L—Euly  Metallargy  in  Emope.     By  W 

GowUnd.    4ta    1899. 
tdUon — Amerioan  Joomal  of  Science  for  May,  1902.    8to. 
AitrophyBioal  Joomai  for  April,  1902. 
AtbeuBom  fSor  April,  1908.    4to. 
Author  for  June,  1902.    8to. 
Brewers'  Journal  for  May.  1902.    8to. 
Gbeodcal  News  for  May,  1902.    4ta 
Chemist  and  Druggist  for  May,  1902.    8to. 
Electiioal  Engineer  for  May,  1902.    foL 
Eleotrieal  Review  for  May,  1902.    8to. 
Bsctrieal  Times  for  May,  1902.    4to. 
Bsetricity  for  May,  1902.    8to. 
Engineer  for  May,  1902.    foL 
Eagineering  for  May,  1902.    foL 
HooMBopathie  Review  for  May,  1902.    Sto. 
Harologioal  Joomal  for  Jane,  1902.    8¥o. 
hTentioD  for  May,  1902. 

Joanal  of  the  British  Dental  Association  for  May,  1902.    8v:. 
Journal  of  Medical  Research  for  May,  1902.    8yu. 
Journal  of  State  Medicine  for  May,  1902.    8vo. 

Uw  Joomal  for  May,  1902.    8?o. 

London  Teohnioal  Edocation  Gaiette  for  April,  1902. 

MMhhkery  Market  for  May,  1902.    8vo. 

Moil  Seientiliqne,  May,  1902.    8to. 

Motor  Oar  Joomal  for  May,  1902.    8yo. 

Mfttnn  for  May,  1902.    4to. 

New  Chorch  Msgadne  for  May,  Jnne,  1902.    8to. 

Nnovo  Cimento  for  April,  1902.    8vo. 

Phuuaeeotioal  Joomal  for  May,  1902.    8vo. 

Photographic  News  for  May,  1902.    8to. 

Pliotographic  Times  Bolletin  for  May,  1902.    8vo. 

PkTiiosl  Beriew  for  April,  May  and  Jane,  1902.    8vo. 

^mo  Health  Engiueei  for  May,  1902.    8va 

Science  Abstracts  for  May,  1902.    8to. 

^felfinr  May.  1902.    8to. 
.Zoophilist  for  May,  1902.    4to. 

{ntaet,  BeaU  Aeoademia  dt— Atti.  YoL  XXV.  Disp.  1. "  8vo.     1902. 
J;'<wilNi /Mlttete— Journal,  Vol.  CLIU.  No.  5.    8yo.     1902. 
Jf«9mBJWooJ  Sodeiy,  JZoyrO— Geographical  Journal  for  May,  1902.    8vo. 
JyywBl  fiocirfy— Qoarterly  Joomal,  Vol.  LVIII.  Part  2.     8vo.     19(»2. 
^^*^^iMl  Swrvey  of  the  South  African  Bepublic—Annu&l  Report  for  the  year 
,,   18d8.    4to.    1902.    (Translated  from  the  Dutch.) 
jfortieiittMral  SociHy,  Boyial—Jounuil,  Vol.  XXVI.  Pari  4.    8vo.     l'J02. 
'"perioi  /fuitfufe—Iniperial  Institoto  Journal  for  April,  1902. 
'''*^Hopkiiu  UnivenUy—StuddM,  Series  XIX.  Nob.  10  12;  Series  XX.  No.  1, 
,.  Sto.    1901-2. 

y^-Boat  iHttituHoih  Rf*yal  ^aitbna2— Annual  Ueport,  1001.    8vo. 
*^"«kei(er   Literary   and    FhilowphuxU   Society— hLemoln    and    ProceedingB, 

Vol.  XLVI.  Part  5.    8vo.    1902. 
««(a)r(rfo9iea2Soeie^,B(>yaJ--MeteorologicalBeoord,VoLXXI.No.83.  8to.  1901. 

gowteriy  Joomal,  Vol.  XXVIll.  No.  122.    8vo.    1902. 

^U  to  Meteorological  Observers.    By  W.  Marriott.    8vo.     1902. 
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ofitona,  Univeniiy  </— Bnlletin,  No.  S.    Summer  Birdi  of  Flathend  Lake.   8fo. 
1901. 
MuniUh,  Boyca  Bavarian  Aeademf  of  ^trfmoM— Sitntngsberiohte,  1902,  Heft  L 

8vo. 
Navy  Leaiffue — ^Navy  League  Journal  for  May,  1902.    8to. 
Nvmumaiie  &MMiy— Numismatio  Chronide,  1901,  Parta  3, 4 :  1902,  Part  1.    8yo. 
OdotUologieal  Soetky—TnLumkotioDBt  Vol.  XXXIY.  No.  6.    8yo.     1902. 
Pkotogra^ie  Soeitty,  Boyal — Photographic  Journal  for  April,  1902.    Sva 
QiMen*«  Co%^  6JtMy--CaIendar  for  1901-2^    8yo.    1902. 
Royal  Boeidy  of  Edinburgh— Froceedmga,  Vol.  XXIV.  No.  2.     8to.     1902. 
Boyal  Soeiety  of  Lendoii— Philoaophioal  Tranaactiona,  A,  Noa.  310,  311.    4to. 
1902 
Prooeedinga,  Noa.  458,  460.    8to.    1902. 
Beporta  to  the  Evolution  Oommittee,  Firrt  Report     8to.    1902. 
Saaby  &  Farmery  Me$trt. — Bailway  Safety  Applianoea,  1902. 
Sdbome  Society— KtXjoe  Notes  for  May  and  June,  1902.    8vo. 
*^  8hake$pearean"  A  (<A«  ilu<%or)— The  Shakeepeare  Anagnma  aa  used  by  Ben 

Jonaon.    8yo.    1902. 
QmiXhy-  B,  Leigh,  Btq.  J/.ff.I.— Tranaaotions  of  the  Inatitution  of  Naval  Archi- 
tects, Vol.  XLIII.    4to.     1901. 
The  Soottiah  Oeographioal  Ma^zine,  Yob.  XVII.  and  XVIII.  Noa.  1-4.    8to. 
Smithtonian  Inatitution— QaUieum  Annual  Beport,  1901-2. 

Experimenta  with  Ionized  Air.    By  C.  Barua.    4to.    1902. 
Soeieiy  of  Arte—JourDal  for  May,  1902.    8yo. 
Taethinij  Prof.  P.  Hon.  Mem.  R.I.  (the  ilNMor)— Momorie  della  Socictk  degli 

Spettioaoopiati  Italian!,  Vol.  XXXI.  Diap.  4.    4to.    11H)2. 
United  Servioe  Iwtitution,  AovaZ— Journal  for  May,  1902.    8yo. 
United  Stateg  Department  of  Jgrieu/iure— Experiment  Station  Beoord,  Vol.  XIIL 
Nob.  7,8.    8vo.     1902. 
Wind  Velocity  on  Lake  Erie.    4to.    1902. 
Verein  tur  Beffhrderung  dee  ffeteerhfleistet  in  Preueten — ^Verhandlungen,  1902, 

Heft  5.    8yo. 
Vienna,  Imperial  Geological  Inetitute — Verhandlungen,  1902,  Noa.  3-6.    8yo. 
Waehington,  PhtloBophtoal  Society  o/— Bulletin,  Vol.  XIV.  pp.  179-204.    8yo. 

1902. 
WeUem  Society  of  Engineen—Jourmil  Vol.  VII.  No.  2.    8yo.    1902. 
Zoologieal  Soeusty—Re^Ti  of  the  Council  for  1901.    8yo.    1902. 
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WEEKLY   EVENING  MEETING, 

Friilay,  June  6,  1902. 

BM.U.  Tmu    t*iiiNCK  or  Walbh,  K.G,  G.C.V.O.  LL,D.  F.B.S^ 
Vioe-Pfttron,  in  tbe  OKair* 

\^  Bk-mjamik  Baeim,  K.C.M.G.  LL,D,  D.iSc.  F.R,S.  M.n.L, 
PiMit  Freeideut  InfititutioQ  of  Civil  Engineers. 

The  Nik  Damg  ami  Retervoir. 

[ft.  Cmaa*  RjiaDss»  last  Chrietaias,  when  riding  acroHii  the  hot  and 
desert  betweon   Asw&n  and  the  Kile  Beeervoir  works,  ixtci- 
[j  remarlced  that,  after  all,  there  was  no  climate  like  England's ; 
■a  for  rain,  whj,  it  did  gocKi  and  hurt  nobody.     Glancing  arDnnd 
ibe  appar«ntlj  limitleBs  deaert  on  all  sidea  of  us^  the  hills  and 
t^ntiftil  in  form,  bnt  doomed  for  all  time  to  remain  of 
burnt-brick  hae,  bare  of  trees,  and  of  the  manj-colonred 
wbieh  adorn  a  rainy  conn  try,  one  could  not  bnt  reflect  how 
were  the  efforts  of  man  when  attempting  to  combat  any  decree 
ire.     The  desert  lands  of  Egypt  will  remain  desert,  however 
If  millions  of  pounds  are  expended  in  Nile  reaerroirs.     All  that 
«AD  do  is  to  extend  somewhat  the  narrow  strip  of  green  running 
long  tile  banks  of  the  Nile,  and  to  render  that  and  the  other  low- 
lands more  productive  than  they  are  at  present  with  a  scanty 
djf  of  water  (Fig.  1). 

HUB  Keeervoir  at  Asw&n  will  contain  over  1000  million 
of  water.  This  statement  will  probably  convey  little  meaning 
people;  and  in  tmth  the  quantity  may  be  made  to  appear 
flX^Il  or  large  at  will  by  a  judicious  selection  of  illustrations^ 
Uie  absolute  insiguificanoe  to  Egypt  of  lODO  million  tons  of 
in  a  reservoir,  as  compared  with  a  reasonable  rainfaU,  will  be 
•pperent  at  onoe  when  it  is  considered  that  the  annual  rainfall  on  the 
indaded  within  the  four -mile  cab  radius  from  Charing  Cross  is 
100  million  tons^  and  that  the  rainfall  on  London  and  its 
pbs  within  a  thirteen-mile  radius  would,  therefore^  about  suffice 
Ail  the  Nile  Beserroir.  On  tlie  other  hand,  we  may,  by  choosing 
niustratioDfl,  restore  the  Nile  Reservoir  to  the  dignity  of  its 
poeition  of  one  of  the  greatest  engineering  works  of  the  day. 
the  qaeetion  of  the  water  supply  of  London,  and  its  prospective 
ion  of  11}  millioiii^,  has  been  prominently  before  the  public 
years ;  and  many  will  remember  what  was  termed  the  colossal 
of  our  member.  Sir  Alexander  Binnie,  late  Engineer  of  the 
idem  County  Counoil,  for  constructing  reservoirs  in  every  reason- 
ably available  vnUey  in  Wales,  to  store  up  water  for  London^  and  to 
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supply  compensation  water  te  the  Welsh  tiYGtB  afibcted  thereby. 
Well,  ihe  united  contents  of  the  whole  of  tboee  reaeiroirs  would  be 
lese  than  half  that  of  the  great  Nilo  Beservoir..  Again,  the  Nile 
lieeerToir  would  hold  more  than  enougb  water  for  one  year's  full 
ilomestic  supply  to  every  city,  town,  and  village  in  the  United  King- 
dom with  its  42  million  inhabitants.  But  poeeibly  the  best  way 
of  giving  an  idea  of  the  tnagnitnde  of  the  work,  and  its  iitility  to 
cultivatiou  in  a  thii-Bty  land,  ie  by  confiidering  the  volmno  of  the 
vtater  iet^nLng  from  the  Reset  voir  daring  the  three  or  four  summer 
months,  when  scarcity  of  supply  prevails  in  the  river  and  the  needs 
of  the  cultivators  are  greatest  At  that  time  the  flow  from  the  Besei^ 
ToLr  will  be  equivalent  to  a  river  double  the  size  of  tbe  Tliames  in 
mean  annual  flood  eondition.  It  will  be  reeogntsed  at  once  that  a 
good  many  buckets  would  have  to  he  set  at  work  to  bale  out  a  river 
like  that,  anil  yet  tbe  scarcity  of  water  in  the  Nile  itself,  and  in  the 
oanalfi,  during  the  months  of  April,  May  and  June,  is  such  that  even 
dipping  the  water  out  of  the  channels  in  buckets  has  to  l>o  controlled 
by  strict  regulations^  Thus,  two  years  ago,  when  the  Nile  was  below 
tlio  average  in  summer  discharge,  it  was  decreed  in  Upper  Egypt  that 
tbe  **  lifting  machines/'  which  include  the  shadoof,  or  buckct-and- 
pole  system,  and  the  saHeh,  or  oxen-driTen  chain  of  buckets,  should 
be  worked  not  more  than  from  five  to  eleven  consecutive  days,  and 
stop  the  following  nine  to  thirteen  days,  between  the  middle  of  April 
and  the  middle  of  July ;  and  the  order  in  which  the  different  districts 
were  to  receive  a  supply  was  carefully  specified,  no  that,  as  far  as 
possible,  every- crop  should  get  watered  once  in  about  three  weeks. 
When  it  is  remembered  that  a  single  watering  of  au  acre  of  laud 
means,  where  shadoofs  are  concerned »  raising  by  manual  power  about 
400  tons  of  water  to  varying  heights  up  to  25  feet^  and  that  four  or 
five  waterings  are  requirod  to  raise  a  summer  crop,  it  will  be  seen 
what  a  vast  amount  of  human  labour  is  saved  throaghout  the  world 
by  the  providential  circumstance  that  in  ordinary  cases  water  tumbles 
down  from  the  clouds,  and  has  not,  as  in  Egypt,  to  be  dragged  up 
from  ohannels  and  wails*  Shadoof  work,  under  average  couditionSi 
involve  one  man*e  labour  for  at  least  one  hundred  days  for  each  acre 
of  summer  crop ;  so  that  even  at  6d.  per  day  for  labour,  the  cutm 
cost  of  cultivation  duo  to  the  absence  of  rain  would  amount  to  50ff. 
per  acre. 

The  great  Nile  Beservoir  and  Dam  at  Aswan,  the  Barrage  at 
AsyfU,  and  various  supplementary  works  in  the  way  of  distributing 
canals  and  regulators,  are  d*.  digued  with  tbe  object  of  mitigatiug  tho 
evils  enumcratL'd  above,  by  supplying  in  summer  a  larger  volume  vf 
water  at  a  higher  level  in  the  canals,  so  that  not  only  can  moio  land 
he  irrigated,  but  that  labour  in  lifting  water  will  he  saved.  When  tli© 
International  CommiBsion,  eight  years  ago,  recommended  the  construc- 
tion of  a  large  reservoir  somewhere  in  the  Nile  valley,  1  was  deairous 
of  knowing  what  would  be  the  opinion  of  a  real  old-fashioned  native 
landowner  on  the  subject ;  and  was  introduced  to  one  whose  q^uaUfica- 
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liuiis  were  oomtider^  to  be  of  no  meftB  order,  fts  be  was  a  de«oend&tit 
of  like  Prophet,  very  rick^  and  bad  beeti  twice  warned  by  the  Govern- 
MttI  timt  be  woald  probably  be  banged  if  any  more  boilies  of  serrauts 
hb  htd  qnarrelled  with  were  fonnd  floating  in  the  Nile.  He  was  a 
fHf  stoitt  uld  raiwi,  andj  between  paroxysms  of  broDcbi&!  coughing, 
\m  ilMmuii  me  tlwt  there  could  be  nothing  in  the  proj^t  of  a  Nik 
fwnrroir^  or  it  wonld  bare  been  doDe  a|  least  4000  years  ago.  In 
eontfaet  with  tbia  I  nuy  mention  that,  a  few  montbe  ago,  tbe  most 
modem  and  enlightened  of  all  the  rnlera  of  Egypt,  the  present 
Hiedive,  wben  Tisitmg  tbe  D&m^  said  be  was  proud  that  the  gre^t 
waark  wae  being  carried  ont  during  bis  reign^  and  that  the  good  ser- 
ficcs  rendered  by  his  British  engineers  was  eyideneed  by  the  London 
Coonly  Council  coming  to  his  Public  Works  Staff  for  their  chief 
fftginrfir 

Tbe  old  system  of  irrigstion,  which  tbe  deocend&nt  of  the  Prophet 

looked  back  npon  with   regret^  was  little  more  than  a  high  Nile 

flooding  of  different  areas  of  land  or  bestne  enrronoded  by  embank- 

naeala.     Lees  than  a  himdred  years  ago,  perennial  irrigation  was  first 

ittaiipted  to  be  introducedL,  by  cnttiog  deep  canals  to  convey  tbe 

water  to  tbe  lands  when  the  Nile  was  at  its  low  summer  leveL    When 

tbe  Nile  roee,  these  canals  had  to  be  blocked  by  temporary  earthen 

dams,  or  tbe  carrent  wonld  have  wrought  destrnctiou.     As  a  result, 

they  silted  up^  and  had  to  be  cleared  of  many  millious  of  tons  of 

isiia  each  year   by    enforced   labottt,  much   misery   and  extortion 

retdting  therefrom.     About  half  a  century  ago,  the  first  serious 

ittempt   to  improve   matters  was  made  by  the  constmction  of  the 

ixilebrated  barrage  at  the  apex  of  the  Delta.     This  work  conidsts, 

b  eieet,  of  two   brick  arched  viaducta   cmssing  the   Roeetta  and 

I^iauetta   branches   of  the   Nile,   having    together   132    arehea    of 

Ifi  ft  i  in,  span,  which   were  entirely  cloeed  by  iron  sluices  during 

the  summer  months,  thus  heading   up  the  water  some   16  ft,  and 

^uvwiag  it  at  &  high  level  into  the  main  irrigatiuu  canalbi  below 

Oiuoi    The  latter  are  six  in  number,  the  largest  being  the  central 

*Uil  at  the  apex  of  tbe  Delta,  which,  even  in  tba  exceptionally  dry 

vm  of  Jtme   1900,   was    carrying   a   volume  of   water   oue-fourtli 

gittter  than  the  Thames  in  mean  flood,  whilst  the  two  canals  right 

>fi4  luft  of  the  two  branches  of  the  river  carried  togothor  one-htdf 

tB<^  tbaii  tbe  Thames,  and  the  Ismailieh  Caniil,  running  down  to 

«»  8oe»  Canal,  thoagh  starved  in  supply,  was  still  a  river  twice  tbe 

'fte  of  the  Thames  at  tbe  same  time  of  the  year.     At  tlood  times  the 

«u«hargB8  of  all  tbe  canals  arc,  of  course,  enormously  increased.     It 

*^  be  recognised  at  once,  therefore,  that,  as  in  the  summer  months 

tbs  ffhole  flow  of  the  Nile  is  arrested  and  thrown  into  the  aforesaid 

*Qili,  tbe  old  barrage  will  always  remain  tbe  most  tmiJortant  work 

comiected  with  the  irrigation  of  Egypt.     It  was  constructed  under 

greit  difficulties  by  French  engineers^  subject  to  the  passing  whims 

of  their  Oriental  chiefs*     About  fifteen  years  elapsed  between  the 

fXttDoeooement  of  the  work  obil   the  closing  of  all  the  sluices,  and 
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anotlier  twenty  jeare  before  the  stritctare  was  snffictentl^  etrengtbened 
by  Britiflh  engineers  to  fulfil  the  duties  for  wbicb  it  was  originftlly 
designed.  All  the  difficulties  aroee  from  the  ti^tare  of  the  foundfttions, 
as  the  timber  sheet  piliBg  wholly  failed  to  prevent  the  subetrneture 
from  being  nndennined  by  the  head  of  water  carry ing  away  the  fine 
oand  and  silt  npon  which  the  barrage  was  built.  At  Aeyflt,  cast-iron 
sheet  piling  was  nsed,  aa  will  hereafter  be  deacribed.  It  is  impossible 
to  say  what  the  coat  of  the  old  barrage  has  been  from  first  to  last, 
b^t  probably  nearly  ten  times  that  of  the  recently-completed  AsyAi 
BariWge.  Forced  labour  was  largely  employed  In  its  oonstractiou, 
and  at  one  time  12,000  soldiers,  3000  marines,  2000  labourers,  and 
1000  masotiB  were  at  work  at  tbe  old  barrage. 

In  ootmectioo  with  the  Wile  Reservoir,  subsidiEiry  weirs  bave  been 
constmoted  below  the  old  barrage  to  reduce  the  stress  on  that 
structure.  The  Bystem  adopted  was  a  novel  one,  reflecting  great 
crcidit  oil  Major  Brown,  Inspector-Geueral  of  Irrigation  in  Lower 
Egypt.  His  aim  was  to  dispense  abuoet  entirely  with  plant  and 
skilled  labour;  and  so,  without  attampting  to  dry  the  bed  of  the 
river,  he  made  soHd  mosonty  bloclcB  under  water,  by  grouting 
rubble  dropped  by  natives  into  a  movable  timber  caisson.  Both 
branches  of  tbe  Nile  were  thuB  dammed  in  three  seasons,  at  a  cost, 
including  navigation  locks,  of  about  half  a  million  sterling.  Many 
other  subsidiary  works  have  been  and  will  be  oonstructed,  including 
regulators,  such  as  that  on  the  Bahr  Yiifitif  CaJial 

AsrtT  Babraox. 

By  far  the  most  important  of  the  works  oonstr acted  to  enable  the 
water  stored  up  in  the  great  reservoir  to  be  utilised  to  the  greatest 
advantage  is  the  Barrage  across  the  Nile  at  Asyiit,  about  250  miles 
above  Cairo^  which  was  commenced  by  Sir  John  Aird  and  Co.  in  the 
winter  of  1898,  and  completed  this  spring.  Aa  already  stated, 
in  general  principle  this  work  resembles  the  old  barrage  ftt  the 
apex  of  the  Baltu ;  but  in  details  of  construction  there  is  no  simi- 
larity, nor  in  material,  as  the  old  work  is  of  brick  and  the  new  one 
of  stone. 

The  total  length  of  the  structure  is  2750  ft.,  or  rather  more  than 
half  a  mile,  and  it  includes  111  arched  openings  of  16  ft.  4  in.  spaa^ 
capable  of  being  closed  by  stoel  sluice  gates  16  ft.  in  height.  The 
object  of  the  work  is  to  improve  the  present  perennial  irrigation  of 
lauds  in  Middle  Egypt  and  the  Fayouni,  and  to  bring  an  additional  area 
of  about  300,000  acres  under  such  irrigatiou,  by  throwing  more  water 
at  a  higher  level  into  the  great  Ibrahimiyafa  Canal,  whose  intake  is 
immediately  above  the  Barrage  (Fig.  2), 

The  piers  aod  arches  are  foantled  upon  a  platform  of  masonry 
87  ft.  wide  and  10  ft,  thick ^  protected  up  and  down  by  a  eoutinuous 
and  impermeable  line  of  cast-iron  grooved  and  tongued  sheet  piling, 


I 


1901] 


on  the  Nile  Dairu  and  BeMervoir, 


199 


with  oeiQeatod  jolnte.  This  piling  extends  into  the  sand  bed  of  the 
riTor  to  ft  depth  of  23  ft.  below  the  upper  surface  of  the  floor,  and 
thus  oats  off  the  water  and  prevents  the  undermining  action  which 
wiaed  BO  mnch  trouble  and  expense  in  the  case  of  the  old  barrage. 
The  height  of  the  roadway  above  the  floor  is  41  ft.,  and  the  length 
of  tlie  piera  np  and  down  stream  51  ft.  The  nver  bed  is  protected 
■^unst  QFOsion  for  a  width  of  67  ft.  up  stream  bj  stone  pitohing, 
vitb  ol&j  puddle  nndoroeath  to  check  infiltration^  and  down  stream 
for  (L  similar  width  by  stone  pitching^  with  an  inverted  filter-bed 
ondemeath,  so  that  any  springs  which  may  arlee  from  the  head  of 
wtlkr  above  the  sliiicca  slmll  not  carry  sand  with  them  from  under^ 
neith  the  pitching. 

It  is  easy  enough  to  constnict  dams  and  barrages  on  paper,  but 
wberever  water  U  concerned  the  real  difficulty  and  interest  is  in  the 
pictical  execntioQ  of  the  works,  for  water  nevor  sleeps,  but  day  and 
ni^lit  18  stealthily  seeking  to  defeat  your  plans.  On  the  Nile  the 
oooditioiiB  are  very  special,  and  in  some  respects  advantageous. 
Tbne  is  only  one  fiowl  in  the  year,  and  within  small  limits  the  time 
ef  tie  occurrence  can  be  foretold,  and  Arrangements  made  accordingly. 
It  would  have  been  impossible  to  have  carried  out  the  Nile  works 
oa  the  system  adopted  had  the  river  been  subject  to  frequent  floods. 
Tbe  working  season  fo?  below-water  work  on  the  Nile  lies  practically 
between  November  and  July,  for  nothiDg  would  be  gained  by  start* 
ing  the  temporary  enclosing  embankments^  or  sudds,  when  the  river 
V3«  at  ft  higher  level  than  it  is  in  November ;  nor  would  it  be  poe- 
Bible  %i  any  reasonable  coBt  to  prevent  the  sudds  &om  being  swept 
tm^y  by  the  flood  in  July.  At  Asy^t  the  mode  of  piooedure  was  to 
«icla«o  the  site  of  the  proposed  seaeon's  work  by  temporary  dams  or 
nddi  of  sandbags  and  earthwork,  then  to  pnmp  out  and  keep  the 
wUer  down  by  powerful  eentrifngal  pumps^  crowd  on  the  men,  exca- 
^1  lirive  the  oast-ixon  sheet  piliug,  build  the  masonry  platform 
vd  piets^  lay  the  aprons  of  pnddle  and  pitohing,  and  get  the  work 
*>B6  height  above  low  Nile  level  before  the  end  of  June,  so  that 
tika  kmporary  dams  should  not  require  reoonstmction  after  being 
*^  air  ay  by  the  flood.  The  busiGst  months  wore  May  and 
^^^,  when  in  the  year  1900  the  average  daily  number  of  men  was 
13,000.  It  is  also  then  the  hottest :  the  shade  temperature  rising  to 
^^S  degrees.  To  keep  the  water  down,  seventeen  12-in.  oentrifugal 
P^lpt,  throwiiig  enough  water  for  the  sujiply  of  a  city  of  two  mil- 
1)01]  bhabitanta,  had  to  be  kept  going,  and  in  a  single  season  as 
^^^y  M  one  and  a  half  million  sandbags  were  used  in  these  tern- 
poiuy  dftiDS,  The  bed  of  the  river  being  of  extremely  mobile  sand, 
^Qo&ttant  working  of  the  pumps  occaaionftUy  drew  away  sand  from 
^^r  the  adjoining  eompletod  portions  of  the  foundations,  necessi- 
^^g  the  drilling  of  many  holes  through  the  lO-ft.  thick  masonry 
pI*tfona,  and  grouting  under  pressure  with  liciuid  csement  About 
ICOO  springs  also  burst  np  through  the  sand,  each  one  of  which 
ft*qiiire4  S[»ecial  treatment.     A  new  regulator  had  to  be  construtte*! 


190 


Sir  Benjamin  Baker 


[June  6, 


for  the  Ibrabimijah  Canal,  witb  nine  nrebee  and  tluioee,  to  cootrol 
the  high    floodi  and  proTent  daaiago  to  the  eaoal  and  the  works 

oonaecUxl  therewithi. 

Aswirr. 

Aaydt,  OS  already  obBorved,  is  about  250  mileB  abovo  Cairo.  The 
great  dam  at  Aswan  is  600  miles  above  the  same  point.  Between 
ABfiit  and  AflwSn  the  remains  of  many  temples  exist,  of  far  greater 
iniereat  and  importatiOG  than  those  at  Philae.  The  latter  ruins,  how- 
e^er,  have  attracted  more  attentioo  in  recent  days,  becaase,  being 
situated  immediately  ab<>vo  the  Dam,  the  filling  of  the  Beserveir  will 
partially  flood  Phil©  Island  dnring  the  tourist  season. 

It  would  bo  idle  to  specnlate  ae  to  who  first  thonght  of  constnict- 
ing  a  reserroir  in  the  Nile  valley,  or  who  first  arrived  at  the  oon- 
clnsiim  that  the  site  of  the  present  Dam  above  Aswan  was  the  b^ 
one.  Mr.  Willcocks,  one  of  the  ablest  engineers  of  the  Public  Works 
Department  of  Egypt,  who  was  instmcted  by  Sir  William  Garstin  to 
snTvey  various  enggested  sites  for  a  dam  between  Cairo  and  VVady 
Haifa,  unhesitatingly  decideil  that  the  Aswdn  site  was  the  best,  and 
the  majority  of  the  International  Committee^  wlio  visited  the  sites  in 
1894,  came  to  the  same  conclusion.  This  conclusion  bad,  bowevert 
been  anticipated  by  Sir  Samuel  Baker  more  than  forty  yeaifi  ago, 
from  mere  inspection  of  the  site  without  surveys.  In  suggesting  a 
ROriefi  of  dams  across  the  Nile  to  form  reservoirs  from  Khartoum 
downwartls,  he  wrote :  "  The  great  work  might  bo  commenced  by  a 
single  dam  above  the  first  cataract  at  Aswan,  at  a  spot  where  the 
river  is  walled  in  by  granite  hiUs«  By  raising  the  level  of  the  NOe 
60  ft.,  obstructions  would  be  buried  in  the  depths  of  the  river,  and 
sluice-gates  and  canals  would  conduct  the  shipping  up  and  down 
stream."  This  single  dam,  proposed  by  Sir  Samttel  Baker  forty  yean 
ago,  is  in  efi^t  the  one  which  iu  now  on  the  point  of  completion. 
Mr.  Willcocks'  original  design  consisted  practically  of  a  gr«jup  d 
independent  dams,  curved  on  plan,  and  the  arrangement  of  sluices 
and  dimensions  of  tlie  dam  diflercd  considerably  from  those  of  the 
executed  work.  There  is  no  doubt  that  the  single  dam,  IJ  miles  in 
length,  constitutes  a  more  imposing  monumental  work  than  a  series 
of  det&ohed  dams,  and  that  it  also  ofere<l  greater  facilities  to  a  con- 
tractor for  the  organisation  of  his  work  and  rapid  construction  ;  and^ 
further,  the  straight  dam  is  better  able  to  resist  temperature  Btreases 
feunL  axtreme  heat  without  cracking.  Two  dams  across  the  Nile,  the 
old  barrage  and  the  Asyi^t  Barrage,  have  already  been  described; 
and  it  will  be  hardly  necessary  to  say,  therefore,  that  the  Aswftn 
Dam  is  not  a  solid  wall,  but  is  pieit:^  with  sluice  oponinga  of 
safficient  area  for  the  flood  dieeharge  of  the  river,  which  may  amount 
to  15,U0O  tons  of  water  per  second.  There  are  180  suck  openingSi 
mostly  23  ft^  high  by  6  ft.  6  tn.  wide ;  and  where  subject  to  heavy 
preBsnre,  when  being  moved,  they  are  of  the  well-known  Btoney 
roller  pattern. 
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Ahlioagb  tlie  prelimiiiaEy  studies  of  Mr*  Willoocks  and  the  oilier 
Ontemmetit  engineerB  occupied  eome  four  years,  there  wna  noither 
tune  Dof  money  to  sink  shaf^B  in  the  bod  of  the  river,  to  ascertain 
tbft  i«d  ebanwsler  of  what  waa  called  in  the  engtneer^g  report  '*  an 
aiteimTe  outcrop  of  sjenito  and  quartz  diorite  clean  across  the 
Til%  of  the  Nile,"  giving  *'  Bound  rock  everywhere  at  a  very  eon- 
fmieat  leveL*'  Unfortnnately,  the  rock  proved  to  be  tinsoimd  in 
auyplaodB  to  n  €on8idcnibl&  depth,  with  gchistons  micaceouB  maesei 
oli  T«ry  friable  nature,  which  neceamlated  carrying  down  the  fourida- 
tionBof  the  dam  sometimes  more  than  40  ft,  deeper  than  was  originally 
tiitieipiited  or  provided  for  in  the  contract.  Aa  the  thickness  of  the 
ta  ia  nearly  100  ft,  at  the  base,  this  mieapprehension  as  to  the 
i^Twster  of  the  rock  involved  a  very  large  increase  in  the  contract 
quiatity  and  cost  of  the  granite  masonry  of  the  Dam.  Tho  total 
IcQgOi  of  the  Dam  is  about  1|^  miles;  the  maximum  height  from 
foandAtion,  abont  130  ft. ;  the  difference  of  level  of  water  above  and 
below,  67  ft. ;  and  the  total  weight  of  masonry  over  one  million  tons. 
JffcfigatioD  is  provided  for  by  a  "ladder"  of  four  looks, "each  260  ft. 
bg  by  32  ft,  wide. 

Ae  remarked  in  the  case  of  Asyfit,  the  difficulties  in  dam  ooBBtmc- 
tiiMi  are  not  in  design,  but  in  the  carrying  out  of  the  workw.  It 
TTcinM  Dot  bo  too  much  to  say  that  any  priictical  man  standing  on  the 
t^fgo  (if  uDe  of  the  cataract  channels,  hearing  and  seeing  the  appa- 
ruBtly  irresistible  torrents  of  foaming  water  thundering  down,  would 
i«pid  the  putting  in  of  fonndations  to  a  depth  of  10  ft  bolow  the 
M  of  the  cataract  in  the  short  season  available  each  year  aa  an 
KppaUing  undertaking.  Wlten  tho  rotten  rock  in  the  bed  was  first 
dacoteredj  1  told  Lord  Cromer  frankly  that  I  could  not  say  what  the 
*itn  cost  or  time  involved  by  this  and  other  unforeseen  conditions 
wirald  be,  and  that  all  I  could  say  waa  that,  however  bad  tho  condi- 
*MiM,  the  job  oonld  be  done.  Ho  replied  that  he  muBt  be  Batisfied 
^^  this  ajraoranoe,  and  say  that  the  Dam  had  to  be  completed  what* 
^^(it  the  time  and  cost.  With  a  strong  man  at  the  head  of  affairs, 
tnth  engineers  and  contractors— who  often  are  suffering  more  anxiety 
'bffl  tbey  car©  to  show — are  encouraged,  and  works,  however  difficult, 
^^(i  a  habit  of  getting  completed,  and  Bomotimes,  as  in  the  present 
*^,  in  less  than  the  original  contract  time. 

Tbft  ooDtraot  waa  let  to  Sir  John  Aird  and  Co,,  with  Messrs. 
KiOaomes  and  Eapier  as  sub-contractors  for  the  etoehvork,  in 
PobfQftry  189d|  and  they  at  once  commenced  to  take  poBsoesion  of  the 
'ite  (it  the  works,  and  of  as  much  of  the  adjoining  deeert  as  thoy 
iioiir^  in  order  to  construct  railways,  build  dwolliaga,  offices, 
"''cbiiio  shops,  stores  and  hospitals,  and  provide  sanitary  arrauge- 
'ii^itta,  water  Bupply,  and  the  multitudinous  thitigB  incidental  to  the 
''^NWmation  of  a  remot«  desert  tract  into  a  busy  manufacturing 
^o^n.  Two  months  after  signing  the  contract  tho  permanent  works 
'fliB  ootnmencod,  and  before  the  end  of  the  year  thousands  of  native 
WKivren  and  htmdreds  uf  Italian  granite  masons  were  hard  at  work. 
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On  Febrnaiy  12,  1899,  the  fonndAtloii  stond  of  tbe  Dam  was  Inid  bj 
H.B^H.  the  Duke  of  Counaugfat.  Many  plans  were  ooujiidored  bj  the 
engineers  and  CDntTaotora  for  putting  in  the  foundations  of  the  Dam 
across  the  roaring  cataract  channels,  and  it  was  finallj  decided  to 
form  tomporarj  rubble  dams  across  three  of  the  chaunelB  below  the 
site  of  the  great  Dam,  so  as  to  break  the  force  of  the  torrent  and  get 
a  pond  of  comparatively  still  water  up  stream  to  work  in.  Stonea  of 
from  1  ton  to  12  tone  in  weight  were  tipped  into  the  cataract,  and 
this  was  pereevered  with  until  finally  a  rubble  mouud  appeared  above 
thu  surface  of  the  water.  The  first  channel  was  successfully  closed 
on  May  17,  1899,  the  depth  being  about  30  ft.  and  the  velocity  of 
current  nearly  15  miles  an  hour,  la  the  case  of  another  ohftnuel,  the 
closing  bad  to  be  helped  by  tipping  in  railway  wagons  themeelves, 
luaded  with  heairy  stones,  and  bound  together  with  wire  ropeSf 
making  a  mmB  of  about  50  tons,  to  resist  displacement  by  the  torrent 

These  rubble  dams  were  well  tested  when  the  high  N^ile  ran  over 
them  ;  and  on  work  being  resumed  in  November,  after  the  fall  of  the 
river,  water-tight  sandbag  dams  or  sudds  were  made  around  the  site 
of  the  Dam  foundation  in  the  still  waters  above  tlie  rubble  dame, 
and  pumps  were  fixed  to  lay  dry  the  bed  of  the  rivBr.  This  was  the 
most  exciting  time  in  the  whole  stage  of  the  operations,  for  no  one 
could  predict  whether  it  would  be  possible  to  dry  the  bed,  or 
whether  the  water  would  not  pour  through  the  fiaeured  rock  in 
altogether  overwhelming  volumea.  Twenty-four  12-in.  cenmfugal 
pumps  were  provided  to  deal  if  necessary  with  ono  small  channel ; 
but  happily  the  saudliags  and  gravel  aud  sand  embaukmeyts 
staunched  the  fissures  in  the  rock  and  iuternticea  between  the  great 
boulders  covering  the  bottom  of  this  chfmnel,  and  a  couple  of  IS-in. 
pumps  sufficed.  The  open  rnhblo  dam  itself,  strange  to  eay^  checked 
the  flow  suffloiontly  to  cauae  a  difference  of  nearly  10  ft.  iu  this 
level  of  the  water  above  and  below ;  but  when  the  up-stream  sand- 
bag dam  was  construe  tod  the  differeuoo  waa  20  ft,,  so  that  the  down- 
stream eatidbag  dam  \^as  a  very  small  one  compared  with  the  other. 

The  masonry  of  the  dam  is  of  local  granite,  set  in  British 
Portland  cement  mortar.  The  interior  is  of  rubble,  set  by  hand, 
with  about  40  per  cent,  of  the  bulk  in  cement  mortar,  four  sand  to 
one  of  cement.  All  the  face-work  is  of  coursed  rock-faced  ashlar, 
except  the  sluice  linings,  which  are  finely  dressed.  This  was  steam- 
crane  aud  Italian  masons*  vtotk.  There  was  a  great  pressure  at 
times  to  get  a  section  completed  before  the  inevitable  rise  of  the 
Nile,  and  as  much  as  3600  tons  of  masonry  were  executed  per  day» 
chiefly  at  one  point  in  tha  Dam,  A  triple  line  of  railway,  aud 
numerous  trucks  and  locomotives^  were  provided  to  convey  tht) 
materials  £rom  quarries  and  stores  to  every  part  of  the  work,  Thi 
maximum  number  of  men  employed  was  11,000,  of  whom  1000  were 
Europeau  masons  and  other  skilled  men  (Figs.  3,  4  and  &), 

Mr,  Wilfred  Stokes,  chief  engineer  and  managing  director  of 
Messrs.    Kansomes   and    Rupiur,   was    responsible  '  lor   the  detailed 
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d«iignit]|:  ftDfl  muTitifacttire  tif  tbo  almcei  ftnct  lock-gatea;  140  of  tlie 
tkMm  mm  'I'A  fL  bigh  by  6  ft.  U  in,  wide,  and  40  of  them  hnlf  tbiLt 
Iciglit ;  IBO  of  the  sluices  are  on  the  **  Stocey  **  prmeiple,  vritti 
tollerstftnd  tbe  rero^itider  moTe  on  slidiog  am-faces.  The  larger  of 
tlM  Stooey  filuioed  weigh  14  tons,  and  are  capable  of  being  moYed  by 
hiaJ  andW  m  besd  of  water  producing  a  pref^sure  of  450  tone  against 

Tli«r0  «w  five  i4iek-gat©«.  32  ft,  wide,  and  vHtjing  in  height  up 
^fO  II.  Thej  ar©  of  an  entirely  different  type  to  ordinary  folding* 
^Uk  gttlW,  being  btmg  from  the  top  on  rollers^  and  moving  like  a 
»fr>g  ooBieh-honBC;  donr»  This  arrangement  was  adopted  for  safety, 
■  lOOO  milHon  tims  of  ^ater  are  stored  ap  aboTe  the  lock-^ate^, 
iiBii  ea^h  of  the  two  upper  gates  is  made  strong  enougii  to  hold  up 
the  water,  agfituniDg  the  foar  other  gates  wer^?  destroyed  (Fig  6). 

When  the  river  is  riamg,  the  el n ices  will  all  be  open,  and  the  red 

fUttr  will  pass  free) J  through,  without  dei>osititig  the  fertilising  silt. 

■llRr  the  flooil,  wheu  the  water  has  beconie  clear,  atid  the  discharge 

Vtlie  Nile  has  fallen  to  about  2000  ti>nB  per  eecond,  the  gateu  with- 

fat  rollers  will  be  cloe«^,  and  then  gome  of  those  with  rollers ;  so 

thiit  between  Oocember  imd  March  the  Reservoir  will  be  gradaally 

filfd.     The  re-opening  of  the  duicea  will  take  placo  between  May 

■ftd  July,  according  to  the  state  of  the  Kile  and  the  requiracnents  of 

tke  crops. 

Betveeo  Dtoember  and  Maj,  when  the  RcserToir  is  foil,  the  Islaud 
rf  Phils  will  in  places  be  slightly  flooded.  As  the  turapleH  are 
iaaiiiled  p&rtly  on  loo£ie  silt  and  aand,  tbo  saturatjou  of  the  hitherto 
dry  iiiil  would  canse  settlement,  and  no  doubt  injury  to  the  rains, 
Ta  obriate  tbifi  riak,  all  the  important  parts,  including  tbo  welt- 
kauwi)  Kiosk,  or  '^  Pharaoh's  bed,"  have  been  either  tarried  on  steel 
firdafa  or  miderpinned  down  to  rook,  or,  failing  that,  to  the  present 
HiBzmlioJi  level.  It  need  hardly  be  said  that,  having  regard  to  the 
Attkend  eoodition  of  the  columns  and  entabktureft,  the  friability  of 
Che  Hkme,  and  the  mnning  sand  foundation,  the  process  of  under- 
fttiitiiig  was  an  exceptionally  difficult  and  anxious  task.  There  were 
ibw  Qteti  to  whom  I  would  have  entrusted  the  task^  hut  amongst  those 
irai  Mjit  Talbot— one  of  the  well- known  Talbot^  who  have  done  snoh 
f|ihaidid  s^rTiee  as  non-commissioned  oJBoers  in  the  army  of  work- 
OMO  vmpUifed  by  contractors  during  the  p^kst  forty  years;  and  well 

b0  justified  his  reputation  at  home — 'whero  his  last  job  was  the 
diifieult  part  of  the  Central  Loudon   Railway^and   the  com- 
loo  of  Dr*  Ball,  who  had  charge  of  the  works  at  Phil®, 
wotUd  be  invidioUE  to  single  out  fur  special  acknowledgtneut 

services  of  members  of  a  staff,  where  all  have  euthnsiasticalty 
their  best  for  the  accomplishment  of  the  great  work  pn ejected 
Ukd  |)ati4.DtIy  {leraisttjd  in  against  all  opposition,  by  Lord  Cromer 
■tid  kih  trQ«ty  lientenunt^  \Sit  WilliELtn  Garstin,  Under  Secretary  of 
tilit9  for  Public  Works.  The  sncfiessive  Director- Generals  of  the 
roir«  Mere  Mr.  Willcocks,  Mr.  Wilson^  and  Mr.   Webb;  the 
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aluef  engineers  at  Aew4ii,  Mr*  Fitsmaurioe  and  Mf«  iS&j^  and. 
Asyfit,  Mr.  Stephens.  The  fdmoet  unprecedented  labour  and  at 
of  arranging  all  the  practical  oontraetors*  details  of  supply  of  lal 
materiala,  and  execution  of  tlio  work  fell  upon  the  shoulders  cf 
Mr.  Blue,  except  m  regArde  Asyut,  where  Mr.  McCluro  relieved  him 
of  a  part  of  hia  reapoQ^ibility. 

Aa  regards  the  initial  stages  of  the  project,  I  may  say  that  wh«ii 
the  Egyptian  Qofemment  informed  me  that  they  wanted  the  works 
<»uTied  out  for  a  lump  sum,  and  no  payment  to  be  made  to  thd 
contractor  until  the  works  were  completed,  I  felt  it  would  be  idle  to 
i&Tite  tenders  until  some  arraugement  had  been  made  as  to  finance. 
As  in  other  casea  of  doubt  and  difficulty,  therefore,  I  went  to  my 
friend^  Sir  Ernest  Caseel,  and  the  difficulties  Taimhed.  The  way 
was  then  clear  for  getting  offers  for  the  work.  Sir  John  Aird  andj 
were  the  euocefisfal  competitors,  and  they  have  completed  a 
increased  quantity  of  work  in  leas  than  the  contract  time,  to 
entire  satisfaction  of  the  Egyptian  GoTemmcDt  and  of  every  ooe 
with  whom  they  have  been  associated.  The  same  recognition  ia  im 
to  Messrs.  Ransomes  and  Bapier,  and  their  abLe  engineer  and  manager, 
Mr.  Wilfred  StokoSj  who  was  unexpectedly  calletl  upon  to  oomptole 
all  the  complicated  machinery  of  the  sluices  and  gates  in  one  yetf 
under  the  contract  time,  and  did  it. 

[B.aj 
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WEEKLY    EVENING    MEETING, 
Friday,  Jane  13,  1902. 

U»  GSAO^    THR  DUKG  or    NOETBUUBEBLAHD,    E.G.  D.O.L.    F.R.S., 

President,  Id  the  Chair. 


G.  Maboone,  Eaq.,  M.  Inst.  E.E. 
STAfl  Progress  of  Electric  Space  Telegraphy. 

WtULias  Telegraphy,  or  t«legrapby  tbroagh  ipwse  withont  con- 
MBtiiig  ffir^o,  18  a  subject  which  ^t  presont  is  probably  attmo ting  more 
vodd-wide  stientioD  thao  any  other  practical  development  of  mo<ierti 
electrical  eogine^ng.  That  it  fihoald  be  possible  to  acluiLte  an  in* 
liniment  from  m  distance  of  hundreds  nr  thouaands  of  miles  and  oblige 
il&i  will  to  reproduce  andiblo  or  risible  siq^als  through  the  efiecta 
of  electrical  osoillationfl  transmitted  to  it  withont  the  aid  of  any  can- 
tiuQoQfi  artificial  conductor,  strikes  the  minds  of  most  people  as  lieing 
m  lehieTemeut  both  wonderfnl  and  mysterions.  If  we  examine  the 
nbjeot  closely  we  may,  howeyeri  come  to  the  conclusion  that,  although 
Ift^^raphy  through  space  is  cortainly  wonderful,  as  are  likewise  all 
Mtaial  and  physical  phenomena,  yet  it  is  certainly  in  no  way  more 
vondcrfal  tLan  the  transmission  of  telegranui  along  an  ordinary  tele- 
grmph  wire.  The  light  and  he&t  waves  of  the  sun  and  stars  travel 
to  110  thronfrli  millions  of  miles  of  space,  and  sound  also  reaches  our 
without  rwjuiring  any  artificial  conductor.  It  is  not,  therefore, 
ul  tbat  man  should  have  de?ised  means  by  which  he  la 
to  confine  electricity  conveying  messages  or  power  to  a  wire 
the  effect  which  we  call  an  electric  current  to  follow  all 
laiiia  and  couvolntions  which  may  exiat  in  the  wtro» 
We  find  tbat  the  first  syfltoma  of  telegraphy  used  by  mankind 
tmly  wireless.  A  bonfire  built  on  a  hill  by  a  baud  of  aboriginal 
iDdians  conveyed  a  signal  wireleasly  by  etheric  wayes—in  thia  case 
light  vraTce — to  Indians  on  an  other  hill,  perhaps  miles  distant.  Even 
lOHlay  there  are  innumerable  system s  of  what  may  truly  be  called 
'  *  ielegraphy  in  practical  uae.  A  red  light  at  a  railway  crossing 
a  signal  by  waves  through  the  ether  to  the  eye  of  tho  engine 
Tho  rod  light  is  the  transmitter,  the  eye  the  receiven 
Tbe  method  of  space  telegraphy  of  which  I  intend  speaking  to- 
ts founded  on  a  Gomparatively  new  way  of  controlling  and 
oerlain  kinds  of  etherio  waves,  much  slower  in  rate  of 
tliao  light  wave«f  called  Hertzian  waves,  after  the  scientist 
demonstrated    their   existonce.      The   mathematical   and 
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©iperiraental  prortf  hy  Clerk  Maxwell  and  Heitincb  Herti  od 
ideDtily  nf  liglrt  aod  elei^tricity,  and  tbe  koDwleilga  of  how  to 
duce  ami  diiteot  certain  previoiifily  iinkoo  vn  ether  wa?es,  | 
posrtibLe  tltia  new  inethoil  of  coEumunicatiim.  I  tbiuk  I  am  ri^ 
Baying  tliat  tbe  importance  of  tbo  discoveriea  of  Mai  well  and  I 
was  realised  by  viTy  few.  and  even,  [k*rbap8,fin  T^^ctfotly  as  a  year  i 
great  uiimbi^r  of  euieutific  meu  would  have  bar<llv  fori-aettii  the  ad  if 
wbich  hwTQ  been  made  in  ai»  brief  a  time  iu  the  art  af  apace  tel#^ 

The  time  albiwud  i'nT  this  diBfoarie  dues  Dot  imrmit  me  todoj 
all  tiie  TariouA  strips  which  have  mude  pufiBiide  thts  restilts  ruis 
obbiinod  ui»r  to  digger ibti  the  wi>rk  o\  ibe  numeruu^  workers  whi> 
contributed  to  tf<u  ndvanci!  at  thi)  suhJL-ct,  Imt  I  hope  il  ma?  be  i 
ter  St  if  I  describe  thi3  Turious  prublemu  whinh  have  tately  been  m\ 
and  the  vity  ititi^reKtiti^  dtiVcluptiietjta  which  baTe  tnken  place  t 
own  wurk  during  the  last  fe^'  mouths  I  &\m]\  fimt  briefly  dfm 
my  B^&t^jm  aa  a»ed  in  my  early  oxperimeuta  six  yeara  agi,  and  | 
w&Tih  etideavour  to  explain  the  Tarious  iniproTements  and  mo4 
tioDB  which  have  8iuce  b  on  iotroducf  d  into  it.  '* 

1  he  transmitter  conBista  of  a  modified  form  of  HertziiiD  oscil 
the  main  f<  aturo  c)f  which  ie  iu  baring  one  apbere  of  the  spar] 
charger  f  art  bed,  and  the  other  conuectyd  to  an  elevated  capacity 
or  to  a  comparativeily  vertical  wire.  The  two  spheres  are  alBd 
Yectrd  to  the  ends  of  the  secondary  winding  of  an  induction  fl^ 
traneformer.  When  the  key  is  prcSKed  the  current  of  the  batli 
allowed  to  actuate  tbe  apark  coil,  which  charges  the  spheres  a,m 
nertical  wire,  which}  when  disob urging,  cauees  a  rapid  gncoessli 
sparks  to  pass  across  the  spark-gap.  The  sudden  release  csaoaed  | 
spark  discharge  of  the  electrical  strain  or  diapl acumen t  created  \ 
certain  lines  of  electric  force  through  space  by  the  charged 
causes  some  of  the  electrical  energy  to  be  thrown  off  in  the  forai 
displacement  wate  in  ihe  other,  and,  as  a  consequence,  the  tH 
wire  becomoH  a  radiator  of  eleotrio  wa?e8.  In  this  connection 
interesting  to  remember  that  Lord  Eelvin  showed  mathcma^ 
more  than  forty  years  ago  the  precise  conditions  under  which  d 
dischari^e  as  we  are  considering  would  be  oscillatorj.  It  is  el 
understand  how,  by  pressing  the  key  for  longer  or  shorter  inti^ 
it  is  possible  to  emit  a  long  or  short  eucce^ion  of  impulses  or  1 
which,  when  they  influeuce  a  suitable  receiveTj  reproduce  unit! 
or  short  effect,  according  to  their  duration,  in  this  way  reprodi 
the  Morse  or  other  signals  tranifmittcd  from  the  sending  statioiD 

Tbe  receiver  eouaista  of  a  coherer  (on  the  nature  of  whiob  I 
to  make  a  few  further  remarks  later)  placed  in  a  circuit  oonta 
a  local  cell  and  a  sensitiTO  telej^raph  relay  actuating  another  oi 
which  works  a  trembler  or  decoherer  and  a  recording  instmmtjQi 
its  normal  condition  the  resistance  of  the  coherer  is  infinite^ 
least  very  great,  and  the  current  of  the  battery  cannot  pass  tlili 
it  to  actuato  the  inBtrumeutS,  but  when  itifluenoed  by  electric  i 
the  coherer  beoomea  a  comparatively  good  conductor,  its  rGfli| 
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WliDg  to  between  100  »ad  600  ohms.  This  allows  the  curreot  horn 
tliH  local  call  to  aotnate  the  relay,  which  in  turn  causes  another 
itf^ziger  euirent  to  work  the  recording  instrument  and  also  the  f  apjier 
oftieooberer,  whicli  is  bo  arrangetl  ay  to  tap  or  shake  the  cohcirLT.  and 
mtbit  wtky  restore  its  flenBitiveneBs.  The  practical  result  is  that  the 
drcdt  of  the  recording  instrument  ia  oloBcd  for  a  time  equal  to  that 
hrihg  which  the  kej  ib  pressed  at  the  transmitting  station,  and  in 
Urn  way  it  is  possible  to  obtain  a  gmpliio,  Jicoustic  or  optical  repro- 
lue^oa  of  the  inoTementB  of  the  key  at  the  Bending  Btation.  One 
ttd  of  the  tnbe,  or  coherer,  is  connected  to  earth  and  the  other  to  an 
(itfakted  conductor,  preferably  terminating  in  a  cupacity  area  similar 
la  urery  respect  to  the  one  employed  at  the  transmitting  station, 

I  &rst  noticed  that  by  employing  similar  vertical  rods  at  both 
itatiooB,  it  was  possible  to  detect  tie  eflfocts  of  electric  wavea,  and  in 
(bit  way  convey  the  intelligible  alphabetical  £iignals  ovtr  distances 
ht  greftter  than  had  previously  been  believed  pogsible,  and  by  means 
of  fttmiLir  arrangements  distances  of  trausmisBion  up  to  about  100 
ttilea  were  obtained. 

It  wwM  aoon,  however^  realised  that  bo  long  a^  it  was  possible  to 
vork  only  two  inBtallationji  within  \vhat  I  may  call  their  sphere  of 
iafloetiee,  a  very  important  limit  to  the  practical  utilisation  of  the 
tpHiem  w»a  imposed.     Without  some    practical   method    of   tuning 
tie  atations  it  wouM   have  been   itnpoBS  ble  to  work  a  number   in 
the  Ticmity  of    each  other  at   the  same  t;n]e  withnub  interference 
loosed  by  the  miiing  of  mei^sages.     The  new  methuds  of  connection 
wUdk  I  a^lopted  m  139^— i*e«  conneeting  the  reoeiviug  vertical  wire 
or  aeri4  directly  to  earth  iuBtead  of  to  the  coherer,  and  by  ttiu  intro- 
doction  of  a  pro|H'r  form  of  ottcilhition  transformer  in  c^  injunction 
«ith  a  condenaer  sn  as  to  form  a  resonator  tuned  to  resfM^nrl  best  to 
»»¥«•  given  out  hy  a  given  length  of  aerial  wire  — were  important 
iteps  in  the  right  direction.     1  referred  at  length  to  this  improvement 
ia  the  disounrse  which  1  had  the  honour  to  deliver  at  this  t»ible  on 
F«bmiiry  2,  II' 00.     1  had,  however,  realised  at  the  lime  that  one 
great  *iilScuity  in  the  way  of  achieving  the  dtisired  effects  was  caused 
by  Ibe  H^iion   of  the  trauamitting  wire.     A  straight  rnd  in   whieb 
Jioctrical  oscillatiuijs  are  Biit  Up  (urmB,  as  is  wull  knowri,  a  vury  ^otjd 
r4ihator  of  tiliclrioal  tvaves.     In  all  what  wts  cull  giiod  rat  ih  tors  elec- 
trical oscillations  set  upbj  the  urdmary  sptirk'dischargeuiethtid  c>  ase 
WHO  daujpud  out  very  rapidly,  not  nucensarjly  uy  resi-^tancu,  but  by 
^'iTicai  radiation  reiiioving  the  energy  in  the  fiirai  of  electric  whvur. 
It  is  a  well-known    ftict    tliat    whi^n    one    of   two  ttmiug  forks 
bifiug  iha  mm*i  perii4  of  vihration  is  ^et  in  mutiou,  ^vavtja  will  f^pi-rii 
iA  tbu  aifi  and  the  other  tuning  foikt  if  ia  suttubh'  proxiiuity,  will 
iniu«diAl^ly  begin  to  vibrate  in  unjsim  witit  the  first.     In  thu  saiue 
*ij  »  viuliii  player,  sounding  a  note  on  his  itiKtrument,  will  find  a 
i%ijiaDse  lr*>m  a  certain  wire  in  a  pianOtnenr  bv,  that  particular  wire, 
^lot  lU  the  wires  of  the  piano,  happening  to  the  only  quo  winch 
^  a  period  of  vibration  identioal  with  that   of  the  musical  uote 
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Bounded  by  tho  yiolinist,  Taning-forks  and  yiolins,  of  course,  have 
to  do  witli  air  wjiydb  and  mrelese  telegraph j  wth  ether  wavee^  but 
the  action  in  both  casee  is  gimilar*  It  is  ^ery  important  to  take  into 
ooBBideration  the  one  essential  condition  whtoh  mnst  be  obtained  in 
order  that  a  well-marked  toning  or  electrical  resonance  may  take 
place.  ElectTical  reaoiuuice^  like  mechanical  resonance,  essontially 
depends  upon  the  ftocuraulated  effect  of  a  largo  number  of  email 
impulseB  properly  timed.  Tuning  can  only  be  obtained  if  a  sufficient 
number  of  these  timed  electrical  impulses  reach  the  receiver.  As 
Prof  Fleming  graphically  puts  it  in  one  of  \\i&  leotores  oo  elec- 
trical oaoillations,  to  '*  set  a  pendulum  in  vibration  by  pufls  of  air 
we  must  not  only  time  the  puffs  properly,  but  keep  on  puffing  for  » 
oonaiderable  period."  It  is,  therefore,  clear  that  a  dead-beat  radiator 
— i.e.  one  that  does  not  give  a  train  or  succession  of  electrical 
oBoillatioUB — is  not  suitable  for  tuned  or  syntonic  space  tolegmphy. 

As  I  pointed  out  before ^  a  transmitter  consisting  of  a  vertical  win 
diBchBrging  tbrongh  a  spark-gap  is  not  a  persistent  OBoillator.  Its 
electrical  capacity  is  comparatively  so  small  and  its  capability  of 
radiating  waves  so  great  that  tlie  oscillations  which  take  place  iji  it 
must  be  considerably  damped.  In  this  case  receivers  or  resonatots 
of  a  considerably  difierent  period  or  pitch  will  respond  and  be 
affected  by  It^ 

Early  in  1900  I  obtained  very  good  results  with  another  arrange- 
ment in  which  the  radiating  and  resonating  conductors  each  take  Uie 
form  of  two  concentric  cylinders,  the  internal  cylinder  being  earthed. 
By  using  sine  cylinders  only  7  mt^tres  high  and  1  *  5  metres  in  diameter 
good  signals  could  easily  be  obtained  between  St.  Catherine's  Poist, 
Isle  of  Wight,  and  Poole,  over  a  distance  of  30  miles,  these  siguile 
not  being  interfered  with  or  read  by  other  wireless  telegraph  instaHa- 
tions  worked  by  m.j  assistants  or  by  the  Admiralty  in  tho  immediate 
vicinity.     The  capacity  of  the  transmitter  due  to  the  internal  con- 
ductor is  so  large  that  the  energy  set  in  motion  by  the  spark  discharge 
cannot  all  radiate  in  one  or  two  oscillations,  but  forms  a  traio  of 
slowly-damped  oscillations,  which  is  just  what  is  required.     A  sioiple 
vertical  wire  may  he  compared  with  an  empty  teapot,  which,  aftei 
being  heated,  would  cool  very  rapidly,  and  the  concentric  cylioile^ 
system  with  the  same  teapot  tilled  with  hot  water,  which  would  t«iJ£<) 
a  very  much  longer  time  to  cool.   In  the  receiver  the  closely  adjacont 
cylinders  which  give  it  large  electrical   capacity  cause  it   to  he  * 
resonator  possessing  a  very  decided  period  of  its  own,  and  it  bocom^^ 
no  longer  apt  to  respond  to  frequencies  which  differ  from  its  own  pa^^ 
ticnlar  period  of  electrical  osoiUation,  nor  to  be  interfered  with  by  fitnty 
ether  waves  wbich  are  Bometiraes  caused  by  atmospheric  disturbance^* 
and  which  OGcasionaUy  prove  troublesome  during  the  summer. 

Another  successful  system  of  tuning  or  syntonising  the  apparatt*^ 
was  the  outcome  of  a  series  of  experiments  carried  out  with  the  ^^^ 
charge  of  condenser  or   Leydeu  jar  circuits.     I  ta'ied  by  means  c»» 
associating  with  the  radiating  wire,  or  CEipacity,  a  condenser  circui*' 
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Thidi  IK  known  io  be  a  persiefeDt  oecillator,  to  set  up  the  required 
iiBilMr  of  o«eillatious  in  the  radiaton  An  arrangement  conststttig 
of  a  ciltsmt  containitig  a  ooniienser  and  a  spark-gap  conatitntei  a  ^ery 
penbitenl  osoillator.  Frof*  Lodge  has  eh  own  ns  how,  by  placing  it 
MtriDotiier  aimilar  cif^nit  it  is  ^estble  to  damoDslrate  interesting 
Acts  of  resotiaiiee  by  the  expet Imeiit  usually  referred  to  rb  that  of 
Lodge'a  sjntotiic  jars.  But,  as  Lodge  poiute  out,  ^*  a  closed  circuit 
Mch  as  tbia  ia  a  feeble  radiator  and  a  feeble  absorber,  so  that  it  is  not 
idapted  for  action  at  a  distance."  I  very  maeh  doubt  if  it  would  ba 
pMDble  to  affect  an  ordinary  receiver  at  even  a  few  hundred  yards. 
it  ift,  however,  intereatitig  to  ti entice  how  easy  it  is  to  cause  the  energy 
^contained  in  the  c  iron  it  of  this  arrangement  to  radiate  into  space. 
^^fe  ifl  sufficient  to  place  near  one  of  its  sidee  a  straight  metal  rod  or 
^^nd  electrical  radiator,  tba  only  other  condition  necessary  for  long- 
^Hhtanee  tranamiseion  being  that  the  period  of  oscillation  of  the  wire 
^m  rod  abould  be  equal  to  that  of  the  nearly  closed  circuit.  Stronger 
Acta  of  radiation  are  obtattied  if  the  radiating  conductor  is  partly 
Imit  round  the  circuit  eontaining  the  oondender  (bo  as  to  resemble 
the  circmtfl  of  a  transformer). 

My  first  trials  with  this  system  were  not  fiuccessfnl,  in  consequence 

of  the  fact  that  I  bad  not  recognised  the  necessity  of  attempting  to 

tone  to  the  same  period  of  electri-       ^ 

cil  oficiilatiouB  (or  octaves)  the  two 

electrical  circuits  of  the  transmit^ 

tbg   arraugement   (these    oi  re  nits 

biiag  tbe  circuit  consieting  of  the 

eoodenftdir  and  primary  of  the  trans- 

fHiiMsr  and  the  aerial  or  radiating 

Ittdoctor    and    secondary   of    the 

truasfonner).    Unlees  this  condition 

ii  falfilled,  the  different  periods  of 

like  two  conductors  create  oscilla- 

tiou  of  a  different  frequency  and 

|kae    in    each   circuit,   with    the 

itnilt  ibat  the  effects  obtained  are 

Mle  and  unaatiafactory  on  a  tuned 

iiMtrer.      The    syntonised    truiB^ 

natter  is  shown  in  Fig.  1.      The 

poiod  of  oscillation  of  the  Tertical 

oondticlor  A  can  be  inoreaeed  by 

iatrodacing   turns  of  wire,  or  d&- 

^iQMied  by  diminishing  their  nam' 

W,  or  by  introdnciug  a  condenser 

t  ieries  with  it*     The  condenser 

^  tba  primary  circuit  is  constructed  in  such  a  manner  as  to  render 
•*  poeaible  to  vary  its  electrical  capacity. 

Tie  receiTing  station  ftrrangements  are  ahown  in  Fig.  2.    Here  we 
W  t  f ertical  coudnctor  eonneeted  to  earth  through  the  primary  of 
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n  transformer,  tbe  eecondarf  circuit  of  which  ia  joined  to  the  eoherer 
or  detfctor.  In  order  to  make  the  tuning  more  marked,  I  place  an 
ftdjtistable  condenser  across  the  coherer  in  Fig,  3.  Now,  in  order  to 
obtain  best  results,  it  is  necessary  that  the  free  perir>d  of  electrieal 
oscillation  of  th©  vertical  wire  primary  of  transformer  and  earth  con- 
neotioD  shoald  be  in  electrical  resonance  with  tbe  second  circuit  of 
the  traneformer,  which  includes  tbe  condenf^er.  I  stated  that  in 
order  to  make  tbe  tuning  more  marked  a  condenser  is  placed  acroos 
tbe  t^nberer,  Tbis  condenser  increases  the  capacity  of  ika  seoondaiy 
resonating  circuit  of  the  transformer,  and  in  the  case  of  a  large  series 
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of  comparatiTely  feeble  but  properly  timed  electrical  oseillatiotis 
being  received,  the  effect  of  the  same  is  summed  up  until  the  EJff,F, 
at  the  terminals  of  the  coherer  is  sufficient  to  break  down  its  inBuU- 
tJon  and  cause  a  signal  to  he  r^orded.  In  order  tbttt  tbe  two  systeme, 
trarj emitter  and  receiver,  should  be  in  tune  it  is  ueceseatj  (if  wc 
assume  tbe  resistance  to  be  very  small  or  negligible)  tbnt  tbe  product 
of  tbe  capacity  and  inductance  in  all  four  circuits  should  b©  equal. 

It  is  ea»y  to  understand  that  if  we  bave  several  station  a,  eacb 
tuned  to  a  different  period  of  electrical  vibration,  and  of  which  the 
corresponding  inductance  and  capacity  at  the  transmitting  station  are 
ktiown,  it  will  not  be  difficult  to  transmit  to  any  one  of  them,  without 
danger  of  the  message  being  pickir^d  up  by  the  other  stations  for 
wbicb  it  is  not  inte&ded.  But  better  than  this  we  can  counect  to 
the  same  vortical  sending  wire»  through  conneotions  of  difibreul 
induetanco,  several  differently  tuned  transmitters,  and  to  the ftM?eiring 
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Tflrtical  wire  a  number  of  oonesponding  reoeiyers.     Different  messages 

dn  be  tent  by  each  transmitter  connected  to  the  same  radiating  wire 

nhnaltaneooaly  and  reoeiyed  equally  simnltaneonsly  by  the  vertical 

wire  connected  to  differently  toned  receivers.     This  result,  which  I 

Wieve  was  qnite  novel  at  the  time,  I  showed  to  several  friends  of 

odne,  including  Dr.  J.  A.  Fleming,  F.R.S.,  nearly  two  years  ago. 

Dr.  Fleming  nutde  mention  of  the  resolts  he  had  seen  in  a  letter  to 

the  Lmdon  Ttmet  dated  October  4,  1900.     I  have  farther  noticed 

ttat  the  taning  can  be  farther  unproved  by  the  combination  of  the 

tio  systems  described.     In  this  case  the  cylinders  are  connected  to 

fte  secondary  of  the  transmitting  transformer,  and  the  receiver  to  a 

properly-tuned  induction  coil,  and  all  circuits  must  be  tuned  to  the 

■me  period  as  already  described.     This  arrangement  is  going  to  be 

farther  tested  in  long-distance  experiments  shortly  to  be  undertaken 

between  England  and  Canada. 

The  syntonic  systems  have  not  been  applied  generally  to  ships,  as 
it  his  always  been  considered  an  advantage  that  each  ship  should  be 
ible,  especially  in  case  of  distress,  to  call  up  any  other  ship  or  bhips 
which  may  happen  to  be  at  the  time  within  the  range  of  its  trans- 
mitter, hot  in  the  case  of  land  stations  the  syntonic  method  has  been 
Applied  in  several  instances  where  necessity  demanded  it.  Thus  at  the 
Mng  stations  which  maintain  communication  between  St.  Catherine's, 
Ule  of  Wight,  and  Poole,  in  Dorset,  when  electric  waves  of  a  certain 
^aenoy  are  used,  no  interference  whatever  can  be  caused  by  the 
Working  of  the  Admiralty  installations  in  the  vicinity.  The  long- 
^iitinoe  station  at  Poldhu,  Cornwall,  is  able  to  transmit  signals 
^aeipherable  on  a  tuned  receiver  on  a  ship  at  over  1000  miles  dis- 
^noe,  while  the  Lloyd*s  wireless  station  at  the  Lizard,  only  7  miles 
Away,  JB  not  affected  by  the  powerful  waves  radiated  from  Poldhu  if 
toned  to  a  different  frequency. 

1  am  not  at  all  prepared  to  say  that  under  no  possible  circumstances 

^old  a  wireless  message  transmitted  between  syntonic  iustrnments 

^  tapped  or  interfered  with,  but  I  wish  to  point  out  that  it  is  now 

poinble  to  work  a  considerable  number  of  wireless  telegraph  stations 

nmoltaneously  in  the  vicinity  of  each  other  without  the  messages 

■iffsring  from  any  interference.    Of  course,  if  a  powerful  transmitter, 

giving  off  waves  of  different  frequencies,  is  actuated  near  one  of  the 

'^ving  stations  it  may  prevent  the  reception  of  messages,  but  the 

^"^inary  systems  of  communication  through  wires  may  be  likewise 

•^fccted.    Prof.  O.  J.  Lodge,  in  a  report  of  his  experiments  in  mag- 

^^  space  telegraphy,  mentions  that  he  was  able  to  interfere  with 

^  working  of  the  ordinary  wire  telephone  s^^stem  in  the  city  of 

^j'^tpooL     Sir  W.  H.  Preece  has  also  published  results  which  go  to 

'J'ow  that  it  is  possible  to  pick  up  at  a  distance  on  another  circuit 

^  oonversation  which   may  be  passing  through  a  telojphone  wire. 

^bout  two  years  ago,  at  Cape  Town,  it  was  found  impossihle  to  work 

^  cables   landing   there  daring  certain  hours  when  the  electric 

^'ViBways  of  the  town  were  running,  and  the  matter  became  subee- 


202 


Jffi  &*  MaTGoni 


[June  13, 


queutly  the  subject  of  litigation  bdtweeo  the  companies  ooDCproed. 
Prof.  Fleming,  who  has  witneeged  tlie  working  of  a  great  number  of 
syntonic  wireleBfi  telegraph  stations,  was  sufficiently  impressed  by 
what  he  saw  to  make  the  following  atatenient  in  hm  Cantor  lectures 
on  "  Electrical  Oscillations  and  Electric  Waves,'*  deliTcred  before  the 
Society  of  Af  ts  ia  December  1900  :—**  The  objections  as  to  inter^ 
ference  of  stations  which  imperfectly  informed  persons  are  in  the 
habit  of  raiBiBg  with  regard  to  Mr.  Marconi's  system  of  wifelsM 
telegraphy,  as  a  matter  of  fact  no  longer  exist." 

I  shall  now  say  a  few  words  on  the  subject  of  the  detector  of  the 
electric  waves,  called  flometimes  *'  the  electric  eye,"  which  consists  of 
that  essenliftl  part  of  the  receiving  apparatus  especiflUy  affected  by 
the  electrical  oscillations.  In  all  wireless  telegraph  apparatus  used  up 
to  quite  a  recent  date,  a  detector,  now  called  a  coherer,  has  been 
employed*  This  detector  is  based  on  discoveries  and  observatione 
made  by  S,  A*  Varley,  Prof.  Haghes,  Colzecchi,  Ouesti,  and  esijcoially 
Prof.  Branly.  Prof.  O.  J-  Lodge  baa  made  large  use  of  thie  apparatus, 
which  he  first  named  *'  coherer/'  in  the  very  niimerous  experiuientfi 
and  studies  he  ba^  carried  out  on  the  effects  producod  by  Hertzian 
waves.  The  form  of  coherer  I  have  found  most  trustworthy  and 
reliable  for  long-distance  work  consists  of  a  small  glasfi  tube  about 
4  cm.  longj  into  which  two  metal  pole-pieces  are  tightly  fittt?d.  They 
are  separated  from  each  other  by  a  small  gap,  which  is  partly  filled 
with  a  mixture  of  nickel  and  silver  flings.  Provided  gueh  a  coherer 
is  properly  constructed,  and  the  tapper  and  relay  in  good  adjustment, 
it  proves  to  be  quite  reliable  when  within  range  of  the  transmitting 
station.  Eiperiments  with  syntonic  systems  have,  however,  shown 
that  certain  kinds  of  coherers  can  be  far  more  advantageously  employed 
than  others*  One  apparently  all'importaot  condition  iB  that  the  resist- 
ance of  the  coherer  in  its  sensitive  state,  or  after  being  tap|ied^  should 
appear  to  be  infinite  when  measured  with  an  E.M.F.  of  about  I  volt. 
If  the  tapping  does  not  entirely  do  away  with  the  conductivity  of  the 
filings  very  poor  results  are  obtained,  which  can  be  explained  as  folio wi. 
According  to  the  systems  1  have  described,  electrical  sy n tony  bet weea 
the  transmitter  and  receiver  is  dependent  on  the  proj^er  electrical 
resonance  of  the  various  circuits  of  the  transformers  used  in  the 
receivers.  The  condenser  and  secondary  of  the  transformer  mu^t  not 
be  partially  short-circuited  by  the  coherer,  otherwise  the  oscillations 
cannot  motint  up  or  sum  up  their  effect,  as  is  essential  iu  order  to 
produce  the  difference  of  potential  at  the  ends  of  the  coherer  n©oe«- 
sary  for  breaking  down  its  resistance ;  but  the  electrical  oscillations 
will  leak  across  the  conductive  coherer  without  causing  it  to  record 
any  signal.  Of  courso,  tho  condenser  is  shorfr-circuiteil  when  the 
filings  cohere  under  the  infiucnce  of  the  received  oscillations  ;  but  in 
this  case  the  signal  is  already  recorded,  and  the  tapper  at  onco  restores 
the  coherer  to  its  nou-coudncting  condition,  and  in  this  way  restoroB 
its  sensitiveness. 

By  using  coherers  containing  very  fin©  filings  the  necefisary  oon- 
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ditiim  of   noD-condiictirity  when   In  a    eenfiitire  state  is  obtained. 

Colierors  have  lately  been  tried  wbiob  will  work  to  a  certain  extent 

Mtiifaclorilj  withont  tlie    naoaadt^    of  employing   any  tapper    or 

^eeoberer  in  connection  with  t1i«m.     Nearly  all  are  dependent  on  the 

use  of  a  cmrl>0D  micropbonic  contact  or  contacts  wliich  possess  the 

eorians  quality  of   partially  re-acqniring    epoutaneonsly  tbeir  high 

naietatioe  condition  after  the  eSect  of  the  elecmcal  oscilUtions  has 

Anted.     Tbia  enables  one  to  obtain  a  far  greater  speed  of  receptioa 

&1I1  ia  poesible  by  means  of  a  mechanically-tapped  coherer,  the  inertia 

d  the  r«lay  and  tapper  which  are  used  in  connection  with  it  being 

neoeaflarily  alaggisb  in  their  action.      In  all  these  self-decohering 

Qolierefs  a  telephone  which  is  affected  by  the  variations  of  the  electric 

Eurreotj  caused  by  the  changes  in  condnctivity  of  the  coherer,  ia  osed 

ia  placA  of  the  recording  instrameni      It  baa  not  yet  been  found 

possible^  BO  far  as  I  am  aware,  to  actnate  a  recording  instrument  or  a 

relay  hy  means  of  a  self-reatoring  coherer.     The  late  Prof.  Hughes 

vii  the  first,  I  believe,  to  experiment  with  and  receive  signals  on  one 

of  ^eae  coherers  associated  with  a  telephone.     His  experiments  were 

einied  oat  as  early  as  1879,  and  I  regret  that  this  pioneer  work  of 

lit  is  not  more  generally  known.     Other  self-restoring  coherers  were 

proposcid  by  Profeasora  Tomraasiaa,  Popoff,  and  others,  bat  one  which 

bat  glvten  good  refialta  when  syntonic  effects  wore  not  aimed  at  was 

(leo&rding  to  ofhcial  information  commnuicnted  to  me)  designed  by 

tiM  technical  pcjsonnel  of  the  Italian  navy.     This  coherer,  at  the 

i«|iicBt  of  the  Italiau  Government,  I  tested  during  numerons  experi- 

taisnts^      It  consists  of  a  glass  tube  containing  plugs  of  carbon  or 

iron  with  between  them  a  globule  of  mercury.     Lieutenant  Solari, 

»bo  bronght  me  this  coherer,  asked  ms  to  call  it  the  "  Italian  Navy 

Coherer/'      Eecently,  however,   a  technical  paper  gave  out    that  a 

iigiiaUnan  in  the  Italian   navy   was  the  inventor  of  the  improved 

ooliemr,  and  I  was  at  once  accused  in  cor  tain  quarters  of  sup  pressing 

the  alleged    inventor's    name.      I    therefore    wrote    to    the    Italian 

Miuifiter  of  Marioe,  Admiral  Morin,  asking  him  to  make  an  autho- 

ritatife  statement,  to  which  I  could  refer  in  the  coarse  of  this  address, 

of  the  views  oi  the  Italian  Admiralty  on  the  matter.     The  head  of 

th«  Italian  navy  was  good  enough  to  reply  to  mo  by  a  letter,  dated 

*^fi  4th  inst.,  in  which  he  makes  the  following  statement,  which  I 

iife  tranalated  from  the  original  Italian : — **  The  coherer  has  been 

*itii  good  reason  baptised  with  the  nam©  of  '  Italian  Navy  Coheror,' 

**  it  iQUst  be  considered  fruit  of  tho  work  of  various  individuals  in 

^  fioyal  Navy  and  not  that  of  one,"     Tliose  non-tapped  eohorers 

^f^  aot  been  fonnd  to  bo  sufficiently  reliable  for  regular  or  com- 

^reUl  work*      They  have  a  way  of  cohering   permanently  wheo 

>jbJ6cttod  to  the  action   of  strong    electrical  waves  or  atmospheric 

^MricAl  disturbances,  and  have  also  an  unpleasant  tendenoy  towards 

'^^w&diiig  aotion  in  the  middle  of  a  message.     The  fact  that  their 

^"Qtrieal  raeiatance  is  low  and  always  varying,  when  in  a  sensitive 

^^  oani^  them  to  be  unsatisfactory  for  the  reasons  I  have  already 
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enumerated  when  worked  in  cocnectiati  with  roy  system  of  sjntoDic 
wirele«B  telegraphy* 

These  coherers  are,  however,  meM  if  employed  fo?  temporary  teflts 
in  which  the  complete  accuracy  of  meBsagos  ii  oot  all -important,  and 
when  the  attainment  of  syr* tonic  effecte  ia  Utit  aimed  at.  They  are 
eapecially  UBofnl  when  weing  receiving  vertical  wires  supported  by 
kites  or  balloons,  the  vftrintions  of  the  height  of  the  wires  (and,  there- 
fore, of  their  capacity)  caused  by  the  wind  making  it  extremely 
difficult  to  obtain  gocwi  results  on  a  Fyntooiii  retreiver. 

Coherers  have  long  been  considered  as  constituting  almost  the 
ussential  basts  of  electric  space  telegraphy,  and  although  many  other 
detectors  of  electric  waves  ejtistedj  none  of  them  possessed  a  Bonsi- 
tiveness  which  even  approached  that  of  a  crjherer,  and  most  of  them 
wore  also  unsuitable  for  the  reception  of  telegraphic  messages.  With 
a  view  to  producitig  a  receiver  wiiich  could  be  worked  at  a  much 
higher  speed  than  a  coherer,  I  was  fortunate  enough  to  succeed  in 
ooDstruoting  a  magnetic  detector  of  electric  waves,  based  on  a  prin- 
ciple esBentially  different  from  that  of  the  coherer,  and  which  I  think 
leaves  all  coherers  far  be  bind  in  speed,  facility  of  adjustment  and 
eldciency  when  worked  in  tuut^  circuits.  This  detector,  which  I 
bad  the  honour  of  describiog  in  detail  before  the  Royal  Society  yes- 
terdsj,  possesses  I  believe  a  sensitiveness  which  snrpae&es  that  of  the 
best  coherers.  The  magnetisation  and  demagnetisation  of  steel 
needles  by  the  efleet  of  electrical  oscillations  has  long  Iteeu  known 
and  was  noted  especially  by  Prof.  J.  Henry,  Aloria,  Lord  Kayloigh 
and  others.  Mr.  E.  Eutherford  also  has  described  a  magnetic  detec^ 
tor  of  electric  waves  basi^d  on  the  partial  demagnetisation  of  a  email 
core  composed  of  £ne  steel  needles  previously  magnetised  to  satura- 
tion. By  means  of  a  maf!;nett»meter  Mr,  Hutherford  succeeded  in 
1895  in  tracing  the  effects  uf  his  electrical  radiator  up  to  a  distance  of 
throe-qiiartere  of  a  mile  across  Cambridge,  But  Mr.  Rutherford's 
arrangement  is  not  suitable  for  the  reception  of  telegraphic  messages 
in  com^equcuce  of  tht^  fact  thut  a  careful  process  of  re^magnetisation, 
which  requires  sf^me  time  tu  effect,  is  necessary  in  order  to  restore 
its  st*tt8iti?enes8  after  the  receipt  of  each  impulse.  Mr,  liutlierford's 
armngottient  is  also  consiilerably  less  eouwitive  than  a  coherer. 

The  detector  which  I  am  about  to  deBcribe  is,  in  my  opinion^ 
bafied  upon  tb©  decrense  of  magnetic  hysteresis,  which  takes  plac  in 
iron  xvhen  under  certain  conditions  it  ia  espoecd  to  the  effect  of  high 
frequency  oscillations  oi'  Hertzian  waves.  As  employed  by  me,  it 
has  been  constructed  in  the  following  manner  :~0n  a  core  of  thin 
iron  or  i^tecl,  hut  preferably  hard  drawn  iron,  are  wound  one  or  two 
layers  of  thin  msulated  copper  wire.  Over  I  his  winding,  insulating 
material  is  plHCcd,  und  over  this,  again,  another  longer  winding  uf 
thiit  copper  wire  contained  in  a  Larro^v  bobbin.  The  ends  of  the 
windings  nearest  the  iron  core  are  conneeted,  one  to  earth  aud 
the  other  to  an  elevuted  conductur,  or  they  may  be  conneetttd  to  the 
secondary  of  a  suitable  receiving  transformer  or  intensifying  ouiU 
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iQch  as  &T«  employed  for  sjntoiiio  wireless  teleg^pby.     Tlie  ends  of 

the  other  winriing  are  conoQcted  to  the  terniiQala  of  a  telephone  or 

other  tfi liable  reeeiTing  iQBtrament.     Neat  the  end^  of  tbo  core^  or 

IB  elose  proximity  to  it,  is  plaoed  a  horse-fiboe  mnii^tiet,  which,  by  a 

dnck-work  arrMtigemeot,  is  so  moved  or  required  as  to  cause  a  slow 

and  ootistatit  change  or  succeBsive  reversals  in  the  magnetisatioQ  of 

the  pieoti  of  irun.     I  hnvo  noticed  that  if  electrical  oscillations  of 

toitable  perio^l  be  Bent  from  a  transmitter,  rapid  changes  are  oi'ected 

is  ibe  magnetisation  uf  the  iron  wires,  and  these  chungei^  necessarily 

suae  indiiGed  currents  in  the  windiugs,  w^hich  in  their  turn  repro- 

doce  on  the    telephone    with    great  clearness   and   diatlnctness  the 

telegraph ic  signals  which  may  bo  Bent  from  the  traBsmitting  etatinn. 

Should  the  roagoet  be  removed  or  its  movement.  Btopped,  the  receiver 

Ui  be  perceptibly  aSected  by  the  elecLric   waves  eveu  when 

are  generated  at  very  short  djtstances  frdm  the  radiator. 

I  have  had  occasion  to  notice  that  the   signals  audible  on  the 

telephone  are  weakest  when  the  poles  of  the  rotating  magnet  have 

^^jiut  paas^  the  core,  aud  are  increasing  their  distance  from  it,  whilst 

^■tti«j  are  strongest  when  the  magaet^i^  poles  an^  approaching  the  core, 

^POood  reenlte  have  also  been  obtaiocd  by  keeping  the  magnet  fixed, 

^1  iud  asiiig  an  eodl{^3  irog  rope  or  core  of  thin  wires  revolving  on 

r^  pdleyB  (work&i  by  clock-work),  which  cause  th©  iron  tn  travel  through 

|F     tb©  copper  wire  wijjdings,  in  pruiimity  to,  preferably,  two  horse-shoe 

f      magoettf  with  their  pote«  close  to  the  winJingA,  care  being  taken  that 

I       their  poles  of  the  same  sign  are  adjacent.     ThtK  detector  has  been 

I       laeo^sfully  employed  for  »ome  time  in  the  reception  of  wireleiis  tele- 

f       piphic  messages  between  St.  Catherine's  I'oint,  Isle  of  Wight,  and  the 

Xonh  Haven,  Pooloi  over  a  distance  of  30  miles,  also  bt^tw^en  Fnldhu, 

in  C^miraU,  and  Poole,  in  Dorset,  over  a  distance  of  152  miles,  of 

I        vlii4!h  109  are  over  sea  and  43  over  high  land» 

I  It  would,  no  doubt,  be  pcssible  to  obtain  signals  by  eansing  the 

tron  octre  to  act  directly  on  a  telephone  diaphragmj  and  in  thia  case 
the  Keotidary  winding  could  he  omitted.  This  detector,  as  I  have 
ilf«id^  stated,  appears  to  be  more  sensitive  and  reliable  than  a 
ttherer,  nor  does  it  require  any  of  the  adjustments  or  precautions 
v^ich  are  neoessary  for  the  good  working  of  the  latter.     It  possessefl 

^t  Qnifurm  tnd  constant  resistance,  and,  as  it  wiil  work  with  a  much 
lower  E.M.F.,  the  eecondaritis  of  the  tuning  traosformers  can  be  made 
to  iKUKss  much  \e^  inductance,  their  period  of  osoilktion  being 
'^gnlatfid  by  a  condenser  in  circuit  with  them,  which  condenser  may 
w  taueh  larger  (in  consequence  of  the  smaller  inductance  of  the 
^Btt)  than  those  UBed  for  the  same  period  nf  oeciUution  in  a  coherer 
*^t»with  the  result  that  the  receiving  circuits  can  be  toned  much 
*^  ioouratety  to  a  particular  radiator  of  fairly  persistent  electric 
^T«i,  As  a  call,  a  coherer  in  circuit,  with  a  relay  working  a  beU, 
^ilwajs  be  ustid,  and  if  it  is  found  puHsible  to  make  the  magaetic 
^*tiolor  reoord  on  a  registeriDg  iustruinent  (as  to  the  possibility  of 
^flbb  iJtm  results  of  recent  tests  have  left  little  i^oubt  in  my  miud), 
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it  maj  b^  found  possible  to  receive  wireless  telegrapli  mesaiagee  at  a 
speed  of  Beyeral  hundred  words  &  minate.  At  preseot,  by  means  of 
this  detector,  it  is  possible  to  rea<i  about  30  words  a  imnnte. 

The  considerations  whicJi  led  me  to  the  eonstruction  of  the  above- 
described  detector  are  the  following : — It  is  a  well-known  fact  that, 
alter  aoy  change  has  taken  place  In  the  magnetic  force  acting  on  • 
]^6oe  of  iron,  some  time  elapses  before  the  corresponding  change  in 
the  magnetic  state  of  the  iron  is  complete.  If  the  applied  magoetio 
force  be  caused  lo  effect  a  cyclic  variation,  the  correepouding  induced 
nug^tic  variation  in  the  iron  will  lag  behind  the  changes  in  the 
applied  force.  To  this  tendency  to  lag  behiad  Prof.  Ewing  has  giveu 
the  name  of  magnetic  hysteresis.  It  has  been  shown  also  by  Profs. 
Gerosa,  Fin^i  and  others,  that  the  effect  of  alternating  currents  or 
high-frequency  electrical  oBCillations  acting  upon  iron  is  to  reduce 
considerably  the  efiects  of  magnetic  hysteresis,  causing  the  metal  to 
respond  readily  to  any  inflnene*  which  may  tend  to  alter  its  mag- 
netic condition.  The  effect  of  electrical  oscillations  probably  is  to 
bring  about  a  momentary  release  of  the  molecnles  of  iron  from  the 
constraint  in  which  they  are  ordinarily  held,  diminishing  their 
retentivenesfi  and  conseq^uently  decreasing  the  lag  in  the  magnetic 
TaHation  taking  place  in  the  iron.  I  therefore  anticipated  that  the 
group  of  electrical  waves  emitted  by  each  spark  of  a  HeTtzian  radia^ 
tor  would,  if  caused  to  act  upon  a  piece  of  iron  which  ia  being 
subjected  at  the  same  time  to  a  slowly  varying  magnetie  force^  would 
produce  sudden  variations  in  ita  magnetic  hysteresis^  nrhich  would 
cause  others  of  a  sudden  or  jerky  nature  in  its  magnetic  condition. 
In  other  words,  the  magnetisation  of  the  iron,  instead  of  slowly  follow- 
ing the  variations  of  the  magnetic  force  applied,  gives  a  sort  of 
jump  each  time  it  is  affected  by  the  electric  waves  emitted  by  each 
spark  of  the  radiator.  These  jerks  in  the  magnetic  condition  of  the 
iron  would,  I  thought,  cause  induced  currents  in  a  coil  of  wire  of 
streugth  sufficient  to  allow  the  signals  transmitted  to  be  detected 
intelligibly  on  a  telephone,  or  perhaps  even  read  on  a  mirror  galvaiju- 
meter.  The  results  obtained  go  to  confirm  my  belief  that  this 
detector  can  be  advantageously  substituted  for  the  coherer  for  the 
purposes  of  long-distanco  space  telegraphy. 

Daring  the  last  few  years  the  developments  in  the  practical  appli- 
cations of  my  system  have  been  exceedingly  rapid.  Time  does  not 
allow  me  to  give  you  an  account  of  the  many  cases  in  which  it  ha,& 
proved  its  ueefulneeSj  but  it  miiy  be  sufficient  if  I  mention  that  Lloyd's 
have  adopted  the  system  exclnsiyely  for  use  at  their  stations  at  home 
and  abroad  for  a  period  of  14  years,  and  that  no  less  than  17  liners 
plying  across  the  Atlantic  carry  [permanent  installations.  In  more 
than  one  case  recorded  in  tlie  daily  papers  the  system  has  been  of 
eervioe  to  veseeU  in  dietrosBj  especially  in  the  Engli&b  Channel,  ^o 
less  than  40  land  stations  (most  of  which  are  controlled  by  the 
corporation  of  Lloyd  s)  are  being  equipped  with  the  system  in  Great 
Britain  and  Europe,  and  over  40  vcsselB  in  H.M.  Navy  carry  instoUa- 
tions.     The  adoption  of  my  system  in  the  Royal  Navy  has  brought 
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ahont  a  eerUm  sUgbt  ehaage  of  appeamuoe  in  the  rig  of  the  ahipe, 
SoBe  UAval  officers  beUave  that  thia  change  improvaa  the  ehipa' 
i^ptatunce ;  otfaors  think  Ihe  contrary. 

Tho  Ituliiin  Admiralty,  after  eiperi men  ting  for  Home  time  with 
the  eelf-decoheriag  coheteta  to  which  I  ha?e  referred  before,  have 
informed  me  officially,  by  a  letter  dated  May  24th  last,  of  its  decision 
to  e^oip  their  war  Teasels  with  the  game  apparatus  as  has  been 
neeeAsftilly  employed  on  the  transatlantic  liners.  On  theao  liuers 
eommercial  nse  ie  made  of  the  system  fur  the  euovenience  of  pagaen^ 
IBn,  and  as  an  illustration  of  its  eommercial  workableneae  I  might 
amtioii  that  lately  the  "  Campania  "and  "  Lncania  "  of  tbo  Canard 
Baa  have  been  collecting  as  mnch  as  ^01.  each  trip  in  receipts  derired 
&om  pusengera*  wireless  meGS.igee. 

N'earlj  two  years  ago  the  facility  with  which  oommanication  was 

pOKitile  ower  distanoes  of  nearly  200  milea^  and  the  improTemonta  in 

i^tGnle  methods  introduced,  together  with  the  ascertained  fact  of 

the  non-interference  of  the  curvature  of  the  earth,  led  me  to  decide 

to  recommend  the  construction  of  a  large  power  station  in  Cornwall 

tad  another  one  at  Cape  Cod,  Mass*,  U,S.A*,  in  order  to  teat  whether, 

\fj  the  employment  of  innch  greater  power,  it  might  not  be  posGible 

to  tranamit  messages    across    the    Atlantic,  and  establiBh  a  trans- 

ooetnie  commercial  communicotion  which  the  monopoly  of  the  Post- 

muter-Ganeral  will  not  apparently  permit  between  two  stations  if 

both  »e  Bitnated  in  Great  Britain.     An  unfortnnate  accident  to  the 

muts  at  Cape  Cod  seemed  likely  to  postpone  the  experiments  for 

sefeiml  months,  when  I  came  to  the  coneiasiou  that  while  the  neces- 

iijy  repairs  there  were  being  carried  out  I  would  use  a  purely  tem- 

potaiy  inatallation  in  Newfoundland  for    the   purpose    of  a   trans- 

Atkntic  experiment,  from  which  X  might,  at  any  rate,  be  able  to  judge 

h<3m  f*r  the  arrangements  in  Cornwall  had  been  conducted  on  right 

Uooft.     Before  describing  the  resuUfl  it  may  be  useful  if  1  give  a  brief 

daaotiption  of  the  nature  of  the  apparatus  used  at  the  transmitting 

iodfftoeiTing  stations. 

The  transmitter  at  Poldhu  was  similar  in  principle  to  the  syntonic 
06e  I  haTo  already  described,  but  the  elevated  conductor  at  the 
tHniinitttng  station  was  much  larger,  and  the  potential  to  which  it 
via  charged  Ycrj  much  in  excess  of  any  that  had  preriouBly  been 
tttployed,  the  amount  of  energy  to  bo  used  in  this  transmitting 
itWioa  having  been  approximately  determined  by  me  prior  to  its 
**«etion.  The  transmitting  elevated  conductor  consisted  of  60  almost 
^^tical  naked  copper  wires,  suspended  at  the  top  by  a  horizontal 
*ni6  ittetcbed  between  two  poles,  each  4S  metres  high,  and  placed 
"J  metres  apart.  These  wires  were  separated  from  each  other  by  a 
'ptce  of  about  1  metre  at  the  top,  and,  after  converging  together, 
Jjfe  a11  connected  to  the  transmitting  instrumentB  at  the  bottom, 
J^i  potential  to  which  these  conductors  were  charged  during  trans- 
ttiiriwi  was  sufficient  to  cause  sparking  between  the  top  of  the  eaid 
*^  and  ttn  earthed  oondnotor  across  a  space  of  SO  cm.  of  air.  The 
6<&iitl  angiiieering  arrangements  of  the  electric  power  station  erected 
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at  Poldbn  for  the  electition  of  those  plana  aud  for  creating  the  elec- 
tric waves  of  the  ir<?qu6Bcy  wbicli  I  desired  to  nse  won©  made  by 
Er.  J.  > .  Fleming,  F.K.8,,  who  bIbo  devised  raanj  of  the  details  of 
the  applianct-w  for  producing  and  controlling  the  electric  OBciHatious. 
Theeo,  together  with  devices  introduced  by  me,  and  my  special  fivstem 
of  eyntomBatiou  of  inductive  circuite,  have  provided  an  electric  wave- 
generating  plant  more  powerful  than  any  hitherto  constructed. 
Mr.  E.  N.  Vyvyan  and  Mr.  W.  S.  Eutwistle  have  also  greatly  apsietod 
mu  in  the  experimeDt»  carried  out  with  the  very  high  tension 
electrical  apparatus  employed. 

The  first  eip^rimentft  were  carried  out  in  Newfonndland  last 
Dec*  m her,  and  every  aftBiatatice  and  encouragement  \^afi  giveu  Tue  bj 
the  Newfoundland  Uovcrnmeiit,  As  it  was  impossible  at  that  titu©  of 
the  year  to  eet  up  a  permanent  instBllatioB  with  pulee,  I  carried  out 
expeiiments  with  receivers  joined  to  a  vortical  wire  about  400  ft  long, 
elcTfltcd  by  a  kite.  This  gave  a  very  great  deal  of  trouble,  as  in  con- 
sequence of  the  variations  of  the  wind  constant  variation s  in  the 
electrk'fil  capacity  of  the  wire  were  caused*  ^Jy  aesistante  in  Cornwall 
had  received  iuBtruotions  to  send  a  succeBsion  of  '*  S's,"  foUowe^J  by  a 
short  message  at  a  certoin  pre-arranged  speedy  every  ten  minntefi, 
alternating  with  Hve  miiiutea'  rest  during  certain  hours  every  daj. 
Owing  to  the  constant  variations  in  the  capacity  of  the  aerial  wire  it 
was  soon  fount!  out  that  an  ordinary  syntonic  receiver  was  not  suit^ 
able,  although  a  number  of  doubtM  sigcals  were  at  one  time  recorded. 
I,  therefore,  trieil  various  microphonic  self-restoring  coherers  placed 
in  the  secondary  circuit  of  a  transformer,  the  signals  being  read  on  a 
telephone.  With  Beveral  of  these  coherers,  signals  were  diatinctly 
and  accurattdy  received,  and  only  at  the  pre-arranged  times,  in  many 
cas6£  a  succession  of*  S'e»"  being  heard  distinctly  although,  probably  m 
consequence  of  the  weakness  of  the  signals  and  the  unreliability  of 
the  detector,  uo  actual  message  could  be  deciphered.  The  coherers 
which  gave  the  signals  were  one  ooutaining  loose  carbon  filings, 
another,  designed  hy  my ec If, containing  a  mixture  of  carbon  dust  and 
cobalt  filings,  and  thirdly^  the  "Italian  Navy  Coherer/*  containing 
a  globule  of  mercury  between  two  plugs.  For  the  good  results 
ob^ined  I  wub  very  much  iudebted  to  two  rtf  my  ass  is  tan  ta,  Mr.  G.  S. 
Kemp  and  Mr.  P,  W.  Paget,  who  gave  me  very  efficient  aid  during 
the  tests,  which  the  extremely  severe  weather  prevailing  in  December 
in  Newfoundland  msde  exceedingly  difficult  to  carry  out. 

The  result  of  these  tests  wais  aufiici<mt  to  convince  myself  and  my 
assistants  that,  with  permanent  stations  at  both  sides  of  the  Atlantic, 
and  by  the  employment  of  a  little  mora  power,  messages  could  be 
sent  across  the  ocean  with  the  same  facility  as  across  much  shorter 
dietances.  The  ex  penmen  ts  could  unt  be  continued  or  extended  iu 
consequence  of  the  action  which  tlic  cable  company,  which  claims 
all  telegraphic  rights  in  Newfoundland,  saw  fit  to  t&ke  at  the  tim& 
Having  received  a  most  generous  invitation  from  the  Govemment  of  tbo 
Dominion  of  Canada  to  continue  my  operations  in  the  Dominion,  it 
wufl  thought  undesirable  to  continue  the  experiments  in  Newfotmd' 
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kDid,  where  I  should  hare  probably  been  landed  to  to  litigatioti  with 
Ibe  telegraph  company,  I  nm  glad  to  say  tbat  the  Canadian  G-i^em- 
ueiit,  on  the  initiatiTe  of  8ir  Wilfred  L^tiner  and  Mr,  Pieldiug,  has 
■howD  itself  mtmi  enterpriaiiig  in  this  matter,  and  not  only  encouraged 
the  erection  of  a  large  station  in  No7a  Scotia,  but  actually  granted  a 
Eobeidyof  I64OOOJ.  towards  the  ereotion  of  this  trans-Atlantio  station, 
the  object  of  which  is  to  commnaioate  with  England  from  the  c^i&st 
of  Nov^  Si^otia,  It  i&  anticipated  that  the  Caoadian  station  will  be 
ready  for  farther  toets  very  short ly.  Another  station  for  the  uame 
porpciw  IB  being  ert^cted  on  the  United  States  coast 

Towards  the  end  of  Febraary  of  this  year  I  thought  it  desiraLle 
to  lest  how  far  the  measages  transmitted  by  the  poworfnl  station  at 
Poldbu  could  be  delected  on  board  a  ship.     The  ship  sek-cted  was 
tW  ^  Philadelphia,"  of  the  Aoierlcan  line.     The  receiving  aerial  oon- 
duotor  was  fixed  to  the  mast,  the  top  of  which  was  about  60  metres 
ibofc  sea  level.     As  the  elevated  conductor  was  fixed,  and  not  float- 
ing abtmt  with  a  kite,  as  in  the  case  of  the  Newfoundland  experi- 
ments, very  good  results    were   ol>tainGd   on  an  ordinary  ftjntoniG 
raedver^  similar  to  those  I  have  already  described,  and  the  signals 
««tB  all  recorded  ou  tape  by  the  ordinary  Morse  recorder.    Ifeadable 
i^ewages  on  tape  wore  received  up  to  a  distance  of  1551  mi  tea  from 
GomwaU,  and  indicationa  were  received  as  far  as  2099  milert.     Most 
of  tlid  metaigee  were  received  in  the  presence  of  the  captain  or  the 
chief  odSoer  of  the  ship,  who  were  good  enough  to  sign  the  tapes.     1 
liftTe  8ome  of  these  tapes  here,  in  a  frame,  and  they  con  l^e  examined 
>l  the  conclusion  of  my  discourse.      It  is  curions  to  observe   that 
ugQiJa  oould  not  be  received  at  over  900  miles  by  any  of  thu  self- 
taring  ooherers.     The  reason  for  this  lies  probably  in  the  fact  that 
^  tuned  receiver,  when  connected  to  a  fixed  aerial  is  moj^e  efficient 
Another  result  of  considerable  soicntific  in  tares  t  was  that  at  distances 
of  OTer  700   miles  the  signals  transmitted   during  the   day  failed 
©Otirsly,  while  those  sent  at  nigbt  remained,  as  I  have  stated,  quite 
*<4Cftig  tip  to  IS51  miles,  aud  were  even  deoiphefable  up  to  a  diE^tance 
^^  d099  miles.     This  result,  which  I  had  the  honour  of  describing 
the  Royal   Society  yesterday  afternooQ,  may  be  due  to  the  dis- 
btiun    of    the   Y^rj   highly   charged   transmitting   elevated 
^*^llAtor  operated  by  the  inflaenec  of  daylight 
,^^    I  rsgfei  time  does  not  peruiit  me  to  give  you  the  views  which  have 
***««  exprefiBed  with  reference  to  this  pheuomenon.     I  da  n^it-  think, 
**^wever,  that  the  effect  of  daylight  will  be  to  confine  the  working  of 
^^'^nff* Atlantic  wireless  telegraphy  to  the  hours  of  darkness,  as  suflicieut 
•^«>diag  energy  can  be  used  duriug  day-time,  at  the  transmitting  station, 
^Make  up  for  the  loss  of  range  of  the  sigaaLs,  and  therefore  this 
'^'^itiiiess  of  commnnicating  across  the  Atlantic  will  not  be  one  of  those 
^QllGi  of  darkness  with   which  eome  people  ooonected  with  cable 
^mpiQias  would  seem  disposed  to  class  it.     It  is,  however,  probable 
^tt  had  I  known  of  this  effect  of  light  at  the  time  of  the  Newfound- 
'^ttd  Gxperimeute,  and  had  tried  receiving  at  night-time,  the  results 
*otild  iSave  been  much  better  than  those  tbat  were  obtained. 
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Ttie  day  k  rapidly  approflcliiog  when  BhipB  will  be  able  to  be  in 
toQeh  Ami  commtitiicfttioii  wilh  tbe  shore  across  all  oceans,  and  tUe 
qutet  and  isolation  from  the  outside  world  wbich  it  is  still  possible 
to  OTjjoy  on  board  ship  will,  I  fear,  soon  be  tbings  of  the  past.  How- 
ever great  may  be  the  imp<Ttatice  of  wirole^  telegrapby  to  ebipeaud 
•bippiug,  1  believe  it  will  be  cjf  eveu  greater  importance  to  tbe  world 
if  fouQd  workable  a  ad  applicable  c^ver  snch  great  distances  as  those 
which  divide  Great  Britain  from  her  colonies  and  from  AmericA. 
Any  of  tbo«e  who  have  lived  in  the  colonies  will  easily  appreciate 
what  a  hardship  it  is  to  hav©  to  wait,  perhaps,  four  or  five  weeks 
before  receiving  an  answer  to  a  letter  sent  Lome.  The  cable  rates 
are  at  present  prohibitive  to  a  voAt  majority  of  people.  May  it  not, 
perhaps,  be  for  wireless  telegraphy  to  supply  the  want  9 

I  apologise  for  having  kept  yim  so  long,  bnt  I  cannot  help  reading 
you,  in  ci inclusion,  a  short  i-xtrtict  from  a  lending  article  in  the 
London  Times  of  Saturday,  December  21 «  1901,  published  at  tbe 
time  of  tbe  Newfoundland  eifkeriroents.  And  1  do  so  because  it 
ezpresaes  in  language  <»f  admirable  clearness  tbe  sentiments  with 
which  I  myself  regard  this  subject:— **  It  wimld  probably  be  diflScult 
to  exaggerflte  the  good  elTect  tit  wireless  telegraphy  if,  as  Mr.  Marconi 
an<l  Mr.  Edison  evidently  believe^  and  as  tbe  Anglo-American  Com- 
pany evidt^ntly  fear,  it  can  at  no  distant  time  be  developed  into  a 
Commercial  success.  The  ei|>en6e  of  telegraphy  to  distant  countries 
is  at  present  prohibitory  to  vnst  numbers  of  people,  and  even  those 
who  use  it  do  so  only  in  respect  of  matters  of  gn?at  urgency,  or  in 
which  large  money  int*- rests  are  at  stiike.  The  reason  of  the  high 
charges  must  he  sought,  of  con r fie,  in  the  enormona  costliness  of  the 
plant,  bctb  in  its  original  construction  and  in  ita  maintenance  and 
repair.  A  system  of  aerial  tele|fraphy  which  would  not  require  so 
expensive  plant,  and  through  which,  thert^fore,  measages  might  be 
«ent  at  moderate  rateSj  would  stiou  become  a  potent  agent  in  cement' 
ing  thofie  ties  between  Great  Britain  and  the  Cohtnjes  which  othei" 
reoent  events  have  done  so  much  to  strengthen  »ud  even  to  create. 
A  system  of  comparatively  cheap  telegraphs  would  do  for  the  Britisb 
Empire  very  much  what  was  done  by  the  penny  post  for  tbe  United 
Eingdom.  The  pathetio  story  of  Howland  Hill,  whoae  e£Porta  to 
establish  cheitp  postage  uriginated  in  the  sympathy  he  felt  for  a  poor 
girl  in  a  Cumberhmd  vi !!&.&,  who  was  unable  to  pny  the  euni 
demanded  for  a  letter  from  her  brother  in  a  distant  county^  relates  an 
event  which  in  principle  may  \m  re[>eated  to-day  in  many  parts  of  the 
world.  A  cheap  telegraph  service  wimld  unite  fanjilies,  however 
scattered,  would  keep  the  diepersed  mtmberft  in  close  and  constant 
touch  with  the  old  home,  and  would  cement  frieodshipB  betv^een  our 
own  people  and  the  Colonial  nutione,  b^Bides  forging  another  link  in 
the  tiea  which  hind  this  countiy  to  the  United  States." 

[G.  Ml] 
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GENERAL  MONTHLY  MEETING, 

Monday,  July  7, 1902. 

His  Giaoe  The  Dues  of  Nobthumbbrlakd,  E.G.  D.O.L.  F.B.S., 
President,  in  the  Chair. 

Mn-BaUy, 

MIbb  S.  M.  Bnrnett, 

The  Bight  Hon.  Sir  Ernest  Cassel,  E.C.M.G. 

Lady  Kelvin, 

Miss  F.  A.  Mosgrave, 

Mrs.  Otter, 

Mr.  Emile  Sohweich, 

ven  elected  Members  of  the  Boyal  Institution. 

The  Pbbsbbts  received  since  the  last  Meeting  were  laid  on  the 
W%  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


TkAdnmomer-Roual—Bepori  to  the  Board  of  VlBltors  of  the  Royal  ObBenratory, 

1902.    4to. 
He  BHUah  JfuMtim— Catalogae  of  Greek  Coins :  Lydia.    8yo.    1901 . 
Oitalogne  of  Drawings  of  British  Artists,  Vol.  III.    Svo.    1901. 
Oitalogne  of  Sinhalese  Printed  Books.    4to.    1902. 
^•trfam  Academy  of  ArU  and  iSciencM— Proceedings,  Vol.  XXXVII.  Parts  1 5, 16. 

8T0.    1901. 
^tttdtmia  dei  Lineei,  BedUy  Boma — Olasse  di  Scienze  Fisiohe,  Matematiche  e 
NatnralL   Atti, ISerie  Qninta :  Rendioonti.  ]«  Semestre,  Vol.  XI.  Fasc  10, 11. 

^^Ktmmiedl  Soeietyy  Boyal— Monthly  Notices,  Vol.  LXII.  No.  7.    Svo.    1901. 
{■aiert,  Imtitvia  o/-Joumal,  Vol.  XXIII.  Part  6.    Svo.     1902. 
{<*U  PmbUe  Lfbrary— Monthly  Bulletin  for  June,  1902.    Svo. 
^'UUkArdiiUeU.BtiallnitittUeqf— Journal,  Third  Series.  Vol.  IX.  Nos.  15,  16. 

4to.    1902. 
,,lI«Qioirt,  Vol.  X.  Part  3.    Svo.     1902. 

fitiAAtinm4mioalAi9oeialum--Jonrn&l\oLXILl^o.S.    Svo.     1902. 
J^  8<mih  Africa  O).— Mining  in  Rhodesia.    4to.    1902. 
'^"Bttan,  Arthur  E.  JSs?.— Ten  Daguerrotype  Photographs  taken  in   1842  by 
I.  FrofMBor  Ooddard. 

^"^MM  AfTfy  Oi'<y— Monthly  Bulletin  of  Municipal  Statibties,  April,  1902.    4to. 
^•■•ro  CtMb—JanmtX  for  June,  1902.    Svo. 

^  To^cI^  The  Colonial  Secretory— Geodetic  Survey  of  South  Africa,  Vol.  II. 
^  H.    1901. 

JJoiM  /ndiM<ry,  Society  o/— Journal,  Vol.  XXL  Nos.  11, 12.    Svo.    1902. 
^^*«iMeai  &)ei«<y- Proceedings,  Nos.  253,  254.    Svo.     1902. 
Jooaal  for  July,  1902.    Svo. 
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Craeoviey  UAcademt'e  de$  Science* — Bulletin,  Clanes  des  Sciencee  Matbematiqm: 
«t  Naturellea,  1902,  Noe.  4,  5.    8vo. 

Bulletin,  Claase  de  Phliologie,  1902,  Noa.  4,  5.    8?o. 
BdUon — ^American  Journal  of  Science  for  June,  1902.    8to. 

Aatrophyaicnl  Journal  for  Hay,  1902. 

Athen»um  for  June,  1902.    4to. 

Author  for  June,  1902.    Svo. 

Brewers*  Journal  for  June,  1902.    Svo. 

Chemical  News  for  June,  1902.    4to. 

Chemist  and  Druggist  for  June,  1902.    8to. 

Electrical  Engineer  for  June,  1902.    fol. 

Electrical  Review  for  June,  1902.    8vo. 

Electrical  rimea  for  June,  1902.    4to. 

Electricity  for  June,  1902.    8yo. 

Electro-Chemist  and  Metallurgist  for  May,  1902.    8vo. 

Engineer  for  June,  1902.    fol. 

Engineering  for  June,  1902.    fol. 

HomoBopathio  Review  for  Juno,  1902.    8vo. 

Horological  Journal  for  July,  1902.    Svo. 

Invention  for  June,  1902. 

Journal  of  the  British  Dental  Association  for  June,  1900.    Svo. 

Journal  of  State  Medicine  for  July,  1902.    Svo. 

Law  Journal  tor  June,  1902.    Svo. 

London  Technical  Educiition  Gazette  for  June,  1902. 

Machinery  Market  for  June,  1902.    Svo. 

Motor  Car  Journal  for  June,  1902.    Svo. 

Nature  for  June,  1902.    4to. 

New  Church  Magazine  for  July,  1902.    Svo. 

Nuovo  Cimento  for  May,  1902.    Svo. 

Page's  Magazine  for  July,  1902.    Svo. 

Pharmaceutical  Journal  for  June,  1902.    Svo. 

Photographic  News  for  June,  1902.     Svo. 

Phvsical  Review  for  July,  1902.     Svo. 

Public  Health  Engineer  for  June,  1902.    Svo. 

Science  Abstracts  for  June,  1902.    Svo. 

Travel  for  July,  1902.    Svo. 

Zoophilist  for  June  and  July,  1902.    4to. 
Electrical  Engineerg,  Im^Uuiion  ©/—Journal.  Vol.  XXXI.  No.  157.    Svo.    19(^ 
Field  Columbian  ilfusettm— Publications ;  Anthropological  Series,  Vol.  III.  No^ 

Svo.     1901. 
FranJdin  Jn«<i<tite— Jouroal,  Vol.  CLIII.  No.  6.    Svo.     1902. 
Geographical  Society,  i^^a^— Geographical  Journal  for  June,  July,  1902.    Svo^ 
Imperial  Institute — Imperial  Institute  Journal  for  June,  July,  19(^. 
Johns  Hophine  Univergitv — University. Circular,  No.  158.    Svo.     1902. 

American  Journal  of  Philology,  Vol.  XXIII.  No.  1.     Svo.     1902. 
Junior  Engineers^  Institution  oA— Transactions,  Vol.  XI.    Svo.     1902. 
Kansas  r7nttw«<y— Bulletin,  Vol.  II.  No.  8.     Svo.     1902. 
Leighton^  John,  Esq.  M.R. I.— Journal  of  the  Ex-Libris  Society  for  April,  I9OS0 
Svo. 

Notes  on  Books  and  Bindings. 
Manchester    Literary   and    Philosophical   Society — ^Memoirs    and    Proceedings, 

Vol.  XL VI.  Part  6.     Svo.     1902. 
Manchester  Steam  Users'  Association — Boiler  Explosions  Acts,  1882  and  1890, 

Reports  Nos.  1248-1319.    fol.     1901. 
Massachusetts  Institute  of  reeftnoZooy— Technology  Quarterly,  VoL  XV.  No.  1. 

Svo.     1902. 
Mather  and  Crotother  (the  Pti6{M^er«)— Practical  Advertising.     Svo.     1902. 
Mechanical  Entjineers,  Institution  of — Proceedings,  1901,  No.  5.    Svo. 

List  of  Members,  1902.    8vo. 
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JfHermf  Conmnnnejf — ^Report  on  the  State  of  Navigation  of  the  River  Mersey, 

1901.    8TO.     1902. 
Mienteopwd  SodO^,  i2oya2~Joamal,  1902,  Part  3.    8vo. 
•^avy  Leo^iM— Navy  Lei^firQe  Joomal  for  Jane,  1902.    8vo. 

Onide  to  the  Coronation  Review.    8vo.    1902. 
Aew  Ywh  Academy  of  Seienoea—Ana^iB,  Vol.  XIY.  No.  2.    8vo.     1902. 
Ii^C9o  Zealand,  Bsgigtrar-Oeneml  o/— StatiaticB  of  the  Colony  of  New  Zealand  for 

1900.  4to.     1901. 

Abr<A  of  BmgUrnd  JntUMe  of  Mining  and  Meehanioal  E^ineert— Subject  Matter 
Index  of  Mining,  Mechanical  and  Metallurgical  Literature  for  the  year 

1901.  8vo.    1902. 

Odoittolbgtoai  &iei0<y--Tran8actioDB,  Vol.  XXXIV.  No.  7.    8vo.    1902. 
0»ne$,  Profe$9or  B,  £.— CommunioationB,  Noe.  77-79.    8vo.    1902. 
Paru,  SoeUti  Fran^aite  de  PAyMOtte— S^noea,  1901,  Fasc.  3.    8vo.    1901. 
^hiiadelphia  Academy  of  ^aturaTiSbimees— Proceedings,  Vol  LIII.  Part  3.    8vo. 

1902. 
^hoiographie  Society,  JSovo^Photographio  Journal  for  May,  1902.    8vo. 
Q^teendand,  The  Home  Secretary  o/— North  Queensland  Ethnography  Bulletin, 
,      No.  4.    foL     1902. 

^ome,  Minittry  of  PMie  Fbrft»— Giomale  del  GJenio  Civile,  March,  1902.    8vo. 
^oyal  Society  o/ Xondon— Philosophical  Transactions,  A,  Nob.  304-606;  B.  No. 
210.    4to.    1902. 
ProceediuM,  No.  461.    8vo.     1902. 
^borne  SoeM<]f— Nature  Notes  for  June-July,  1902.    8vo. 
«Ritik,  B,  Leigh^  Eeq.  Jf.  12./.— Transactions  of  the  Institute  of  Naval  Architects, 
Vol.  XIII.    4to.     1900. 
The  Scottish  Qec^raphioal  Magazine  for  July,  1902.    8vo. 
So-idyof  Jr<«— Journal  for  June,  1902.    8vo. 
^idieal  Society,  /?oya2— Journal,  Vol.  LXV.  Part  2.    8vo.    1902. 
^ifUng,  Jamee,  Em.  M.ILL— The  Geological  Ages  of  the  Gold  Deposits  of 
Victoria.    By  James  Stirling.    8vo.    1900. 
Beport  on  the  Walhalla  Gold  Fields  (Victoria).    By  H.  Herman,    fol.     1901. 
jJ'nwKo,  l%i't««r»%  ©/-Studies,  Biological  Series,  No.  2.    8vo.    1902. 
^«»*W  Service  Imtitution,  Royal-^oxim&i  for  June,  1902.    8vo. 
^ptoky  Boyal  Society  of  ^dances— Nova  Acta,  Third  Series,  Vol.  XX.  Fasc.  1. 

4to.    1901. 
'«w»  tw  BefBrderung  dee  Oetoerhjleiuee  in  Preuesen — ^Verhandlungen,  1902, 
„,  Heft  6.    8vo. 

If otkington,  A eademy  of  /SWaiCM— Proceedings,  Vol.  IV.  pp.  275-292.    8vo.    1902. 
^""^^^ical  fibefcty— Proceedings,  1902,  Vol.  I.  Part  1.    8vo. 

APPARATUS,  Etc. 

^  Badi$ehe  AnUin  und  5t>da-Fa6ri*— Collection  of  Important  Dyes  and  Or- 

g»nic  Products. 
'*•  ^h  Smith,  Eeq.  M.B.I.—Sma\l  Electric  Pile  given  to  Faraday  by  Volta. 
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GENERAL  MONTHLY  MEfiTING, 
Monday,  November  3,  1902. 

Sib  JASiBd  OmoHTON-BttOwirE,  M.D.  LL.D.  F.R.S.,  Treasarer 

and  Vice- President,  in  the  Chair. 

GraoTille  Hagli  Biilllie,  Eoq. 
W.  Deaiie  Butcher,  Efl<i.  M.R.0.8. 
Mrs.  A.  H.  Col 

8ir  Archibald  Campbell  Lawrie. 
(lahriel  Jamos  Morrison,  Esq.  M.Inet.O.E. 
A.  B.  Tubini,  Esq. 
were  elected  Members  of  tbe  Eojal  Inslitution* 

The  Special  TbaTiks  of  the  Members  were  returned  to  Sir  Andrew 
Noble,  Bart,  K,G.B,  F.R,S„  for  hia  donation  of  £150»  and  to  Dr. 
Lndwig  Mond,  Ph.D,  F.B,8,,  for  hf^  donation  of  £200,  to  tbe  Fond 
for  the  Promotion  of  Expcrimotital  HeHearch  at  Low  Tom porat ores. 

The  Honorary  Beoretary  aDnounced  the  decease  of  Dr.  J.  H. 
Gladstone,  former  Professor  of  tbe  Royal  Institution,  on  October  6* 

It^mti^dt  That  tbi?  Mauagers  of  the  Boyn]  timtLtutluu  of  Oreal  Britain  desiie 
toneo^^rd  their  ^nse  of  the  Ld!^  auBtChiiiecrby  the  Itistitiition  eiud  by  the  whole 
ttcientific  wMd  in  thi^  dcfenao  of  Dr.  John  Hall  Q]AdiiUm&,  Ph.D.  D.Sc,  F.E.S. 
latti  Fullman  Fnofoiiijor  of  Cliemialry. 

He  twcamt'  a  Meraber  of  tlie  RuyaJ  Institution  tif  Great  Britain  in  ISSi,  And 
was  eiected!  a  VUitor  in  JS57  and  a  Manager  in  13&0. 

Hie  first  course  of  Chemiial  Lectures  In  the  InstitntioQ  wqb  delircred  in 
1S35,  and  he  was  AubB^ueutlf,  in  IST4,  appcduted  Fullerian  Profeaaor  nf 
Chemibtrj  and  Director  of  tbe  Laborutory  of  tliQ  Rojal  Institution. 

In  addition  to  atursea  of  Lectur*^,  he  gave  tUo  ChriatmnB  Lt?ctnrea  adApted 
to  a  Juvenile  Anditory  in  18T4-5  and  again  in  lS7fJ-7»  and  deliveri?d  many  Friday 
Evening  Disoonrsf^s  on  his  important  Disco Feries*  His  l*at  Difieoiir&G  wae  given 
in  1098  on  'Tbe  Metuls  usc^  by  the  Ureat  Nations  of  Antii|uity.'^ 

He  published  a  puputfir  und  udmirabla  Life  of  Blichael  Farmday,  and  bwi 
made  many  oontributiotiLii  to  soientifio  knowlcd^^e  by  hU  important  reeearcliei  oo 
tlie  lawi  of  Chemical  Combination  and  on  the  reladons  of  Chemioal  and  Optical 
Seienoe. 

The  Manager  desire  to  offlr  to  the  family  th«  expresston  of  the  magi 
sincere  sympatliy  witli  them  in  their  bci^atement. 

,  The  Honorary  Secretary  announced  the  decease  of  Sir  Frederick 

Abel,  Bart,  on  Beptember  6. 

^^  B^adi^,  That  the  Managerii  of  the  Boy  si  Invito  tion  of  Great  Britoin  demm 

^H  toreeofd  their  aenso  of  the  lo«a  suetidnel  hy  tbe  Institatiun  and  by  the  wbola 

^H  tcientiBo  «orld  In  the  deoeami  of  Sir  Fi«doriok  Abel,  Bart.  G.C.V.O.  K.Ca 

^H  D.O^L.  LL.D.  F.R3.,  late  Yioe- President  uf  the  Boyal   InstituHon  of  Orsat 
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H«  beeiLiue  a  Member  of  the  RojiU  tnatittitioii  of  Gretit  Britain  m  ISSi,  and 
m  etoot^d  a  ManiigcT  iu  1^80. 

He  hu  delif eredtnatiy  Friday  Evening  DiiwoarBea  on  hia  tmpoTt&at  inT«ti- 

iooftoa  lb«  upplicatioiiA  of  cli^iiuistry  to  mililarv  purposeifi. 

H«  alwttjra  took  a  det^p  inteF&i^t  in  the  iDntltutiaa  and  the  PrumotioQ  of 
Soifliittfii?  HesearcJi. 

The  MatiAgt-rfl  desire  to  offer  to  tbe  fumilj  the  expreBeion  of  %h&  tnoat  mooefa 
trtopAthy  with  ttiem  in  their  buretiTf  mi^ut. 

The  Fbesbntb  rooeWed  since  tte  Iswt  Meetiug  wer«  laid  im  the 
table,  and  the  thanks  of  the  Mambera  returned  for  the  B»me,  ?ia. : — 


PIOM 
T%*  5«Tielrtry  o/  Sktte/ot  India— 
Ga^D^icul  Surmy  of  India — 
Qenenl  E&port,  1 91)  1  -  2 .    8 vo. 

Fnlnootolofna  Indira^,  New  B&riw.  Vol.  H.  P«rt  L    Fot.     1902. 
The  i  i .  T.  Survey  o  t  I  iid  i  a.  Vol  X  V  I.     4to.     1 902 . 
Ibd&rkaiden^  Dr,  Emih  (thi  Author) — Vhi't  deti  Einflusd  dea  Qohenklimoa  anf 

die  ^uaamroeii&et^iiiig  dt^s4  Biittea     Bvo.     1902. 
A^aad^miil  dti  Idnaei,  lie^ile^  lioma — Ctaatte  di  Solenze  Fieiche^  Matematicha  a 
Hatunili.    Atti,  g«ne  Qumtat  Reiidiconti.    L"  B^meatre,  Vul  XL  Faec.  12; 
2^  Strmeftre,  Faso.  1-7.     8tu.     101)2 
( liun  di  ^ienifid  Momli,  Stoficfatrt  etc.,  3ei-te  Qainta,  Vol.  X.L  Fasc.  3~6L   Sto. 
.^fAerican  Academy  ofAriiQud  Soi^noe*— Pfuoeediuga,  Voh  XXX  VIL  Nob.  17-22, 
8to,     I!XI2. 
M«tiioij^  Vol.  XII-  NoToinber.    4to.     1902. 
Awmieam^  FhiUk^fphieal  Societt/ — Proc&ediiigt,  YoL  XLI.  Jttii.-Apri],  1902,    Bto. 
Jjjslfe  Soamty,  Ro^al—JoaTuAlt  Jnly-OcL  ldQ2.     Bvo. 
AuUmuMe  Cfofr— Journal  for  July-Oct     4V>.     1902. 
Bamken,  ImtUnit  o/— Journal,  Vol.  XXIII,  Pfiru  6.  7.    8to.    1902. 
Baiatia,  Mdaorahgieai  0&f^4rrvat<»ry— Oba^rmtinns,  Vol  XXIH.  I90(K    fol    19^. 
Bel4^tHn,  Rojfal  AauUmy  of  Sciences ^B\iUt.t\n,  1901  ;   1902,  -t-^,     Sto. 
M^iiL  Conr.  et  dm  aavtitjU  ^Hiuai^.  Tomo  LIX.  Faac.  3.     4 to.     1902. 
Mem.  Gout,  et  autnea  ^I^'m.  Tome  LVl  rmd  LXIL  Fuec,  1,     8fo,     1902. 
MtiitiuireSf  Tome  LIV,  KaiO,  5.    4io.     190^*, 
iteriinf  JcadoMf  of  Sciefux* — Sitsuitig»beriehte,  1902,  Noe,  1^0.    8 to. 
Booth,  A,  {the  Auihor}— The  Trilingual  Cuneiforiu  laBcriptiona.     8vo.     1903. 
Bim,  Prof.  J.  C.  (tA«  Atdhor) — ^Reapimse  ia  tlie  Li  Ting' and  Nuii-Living,  Svo.  1902. 
Bottm  Pubti6  Library— M.onlh\ J  Bulletin  tor  Julj-Aug.  1902.     8vo. 

Afihiwl  BepoH.  !  90 1  - 1  iHiZ.     Bvo- 
SotUm,^omatuo/ Medical  Seieniee* — ^loiiHiBlof  Mt.'dicfti  R&seareh  for  June,  1902.  Bro, 
BfUiA  AT<Mttd»,  Royal  luMituU  o/— Journal,  Third  HerieH,  Vol,  IX.  Nob.  17-20, 
4to.     1^02. 
The  Kalettdar,  1902-190.1;.    8vo.     1902. 
BriHtk  Adrontmical  Astoetaiion — Jonmfllr  Vol.  XI L  Hoe.  9,  10.    8  to.    190L 
Mewjoira,  Vol.  X.  Part  4 
Ll«t  01  Membera.  1902. 
BmmmlKtvf.  C4y— MoQthly  Bulletin  of  BCunieipal  ^tBti{it]ca,May- Aug.  1902,  4 to. 
fMm,  mw.  CmMiT  {the  Ediiory—The  Regiater  of  8t,  John'a  Church,  GRrrtgill* 

from  ie9i:»- 1730.    sto.    imi. 

Ph^iofmhimi  Jjfcowli^-'TrftnaactionB,  Vol.  XIX.  P*rt  2.    4to.     1902. 
Vol  XL  Part  (1     8vo.     19J2. 
Chfe— Jmirnnl  (or  July -October.  1902.     8vo, 
Oamda,  OeoiogiMl  iSw^iey  o/— C^ktaLogue  of  U&uadiati  Pl&nta,  Part  VII.  Sva  1902. 
f^iirfn,  Mei&oroliOffiml  t/^Soe— Report  of  tliu  Mt3t«orf4ogio,d   Servicss  for   1899. 

4to,     1902. 
OidlMJ  Indfutry,  Sooiety  o/-Wournal,  Vol.  XXL  Nob.  13-20.    8?o.    1902. 
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ChenUeal  Soeiety^Joamt^  for  Aug.-Nov.  1902.    8vo. 
Chuxtgo^  Field  Columbian  Museum — PublicHtions: 

Zoologicid  Series,  Vol  m.  No.  6.    8yo.    1(K)2. 

Oeologieal  Series,  VoL  I.  No.  2.    8vo.    1902. 
Ot0ai^'neers,7fi«tttii<tbno/---Mmute8 of  Prooeedings,  Vols.  147-149.  8m  190i. 
Cb/onioZ  JiwfifMte, /^oyaZ— Proceedings,  Vol.  XXXIIL    8yo.    1902. 
Comiti  Jntemational  det  Poidt  et  Ifentre*— Procea-Verbauz  des  Seances  de  1901. 
Tome  1.    8vo.    1902. 

Travaux  et  M^moires  de  Bureau  International  de  Poids  et  Mesures.    Tbme 
XII.    4to.     1902. 
ComwaUt  Royal  Inditution  o/— Proceedings,  Vol.  XY.  Part  1.    8yo.    1902. 
Oraoovie,  VAoadimie  de$  iSeienoet— Bulletins,  Classe  ties  Sciences  Math^matiqnss 
et  Naturelles,  1902,  No.  6.    8to. 

Olasse  de  Philologie,  1902,  No.  6.    8vo. 
Dax :  8ocUU  de  Jorda— Bulletin,  1902,  Nos.  1-4.    8vo. 
Detpaux,  A.  {(he  iltitfcor)— Cause  des  Energies  Attraotives.    8vo.     1902.- 
Dewar,  Prof.  /.  M.A.  F.RJ3.  itr.£. Z— (Euvres de  Gallissard  de  Mariguao.  Tome L 

1840—60.     4to.     1902. 
Duckworth,  Sir  Dyee,  if.  If. J.— Knowledge  and  Wisdom  in  Medicine.    8vo.   1901 
Editon — Aeronautical  Journal  for  July-Oct.  1902.    870. 

Aeronautical  World  for  Aug.  1902.    8va 

American  Journal  of  Science  for  July-Oot  1902     8to. 

Astropliybical  Journal  for  June-Oct.  1902. 

Atheneum  for  July-Oct.  1»02.    4to. 

Author  tor  Aug.-Nov.  1902.    870. 

Board  of  Trade  Journal  for  Sept.  1902.    8?o. 

Brewers*  Journal  for  Aug.-Ooi.  1902.    8¥0. 

Chemical  News  for  Aug.-Oot  1902.    4to. 

Giiemist  and  Druggigt  for  Aug.-Oct.  1902.    8to      . 

Electrical  Engineer  for  Aug.-Oct.  1902.    foL 

Electrical  Review  for  Aug.T-Oct  1902.    4to. 

Electrical  Times  for  Aug.-Oct  1902.    4to. 

Electricity  for  Aug.-Oct.  1902.    8vo. 

Engineer  for  Aug.-Oct.  1902.    fol. 

Engineering  for  Aug.-Oct.  1902.    fol. 

UoraoBopathic  Review  for  Aug.-Nov.  1902.    8vo. 

Horological  Journal  for  Julv-Oct.  1902.    8vo. 

Invention  for  July-Oct  1902.    fol. 

Journal  of  the  British  Dental  Asnociation  for  July-Oct  1902.    8vo. 

Journal  of  State  Medicine  for  July-Oct.  1902.     8vo. 

Law  Journal  for  July-Oct  1902.    8vo. 

London  Technical  JKducution  Gazette  for  July-Oct.  1902. 

Machinery  Market  for  July-Oct.  1902.    8vo. 

Model  Kngineer  for  July-Sept  1902.     8vo. 

Moifl  Scientifique  for  July-Oct.  1902.     8vo. 

Motor  Car  Journal  for  July-Oct.  1902.    8vo. 

Nature  for  July-Oct.  1902.    4to. 

New  Church  Magazine  for  Aug.-Nov.  1902.    8vo. 

Nuovo  Cimento  for  June-Sept.  1002.     8vo. 

Page's  Magazine  for  Oct.  1902. 

Pharmaceutical  Journal  for  July-Oct,  1902.    8vo. 

Photogruphic  News  for  June-Sept.  1902.    8vo. 

Physical  Review  for  Aug.-Oct.  1902.     8vo. 

Public  Health  Engineer  for  July-Oct.  1902.    8vo. 

Science  Abstracts  for  July-Oct.  1902.    8vo. 

Travel  for  Aug.-Oct  1902.    8vo. 

Tea  for  June-July,  1902.    4to. 

Zoophilist  for  Aug.-Oct.  1902.    4to 
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AoffMol  f^igniaert.  Jiu(tiic<»o»  o/--Joiiraia,  Vol.  XXXI.  Part        8m     1902. 

Lift  of  OiSeen  and  Memben.    8yo.     1902. 
JlwvM^  Baole  ilMadamia  dM  Oeof^^i--Atti.  Vol.  XXY.  Disp.  2.    8vo.    1902. 
IWmkK*  /iw««<«-^oiinial,  VoL  CUV.  Nos.  1-4.    Svo.    1902. 
OaraiUeai  Soeidiy^  £o«a2--Geo};raphioal  Joarnal  for  Aug.-Oct.  1902.    8to. 
M9te2&>ei^te--Qi]arterlyJoiu^  8to.    1902. 

O^pMe,  PJkOoicmftMaZ  iSM^  8vo.    1902. 

AMwri,  James,  £ao.  (M«  ilnMor)— MoDimenta.    8to.     1902. 
BuHadtmol  SoeUiy,  iZoyol— Joarnal,  VoL  XXVIL  Part  1.    8to.    1902. 
Impenal  JiMb'ttietf— Imperial  Institate  Journal  for  Ang.-Nov.  1902. 
lulmatiomail  Engineering  Congreu  iOlaggoto)  1901— The  Report  and  Abstracts 

ofP*ipers.    8vo.     1902. 
bfm  aad  Sted  IngtituU— Index  to  Joarnal,  Vols.  XXXVI.-LVIII.    8vo.     1902. 
k^  CharU$,  Etq,  {the  Avthory-Le»  habitations  k  Bou  Marche  dans  les  villes 
dn  moyenne  importance.    8to.     1901. 

Extrait  des  Mdmoires  de  la  Soci€te'  Acaddmioue  de  I'Oise.    8vo.     1898. 

9xtrait  da  Balletin  de  la  Soci^  Zoological  de  France.    8to.     1900. 

Etudes  sar  les  Foarrois,  lee  Oo^ps  et  les  Abeilles;  Note  17-18.    8to.     1898. 

Sxtriitsdes  M<^oires  de  la  Soeie'te  Zoologique  de  France.    8¥0.    1898-99. 

bssi  tnr  la  Constitution  Morphologiqae  de  la  tete  de  Tiaeect.    8vo.     1899. 

Notes  sor  les  Fuarmis  et  les  Gu^pcs.    4to. 
MstAppiriju  I/mVem(v— Circalars*  No.  159.     1902. 
^Anerican  Joarnal  of  PhUology,  VoL  XXIII.  No.  2.    8vo.    1902. 
ffoto,  Imperial  rmtw«t(y— Calendar,  2561-62  (1901-1902).    8to. 
^MMDi  &>cu!<y— l^ransactions.  Botany,  Vol.  VL  Parts  2,  3;  Zoology,  Vol.  VITI. 
Parts  5-8.    4to.     1902. 

JoamaL  Botany,  Vol.  XXXV.  No.  245 ;  Zoology,  VoL  XXVIII.  No.  185.  8yo. 

vm. 

-^Mdm  CowUy  Council {Teehnieal  Education  Board)— Report  on  the  Application 
of  Science  to  Indastry.    FoL     1902. 

*^  Francis  D.,  E$q.  (the  Authory— The  Fiction  of  the  Ice  Age.    8yo.     1902. 

*taf*a<er  Geological  fibcWy— Transactions,  Vol.  XX VII.  Parts  10-16.    8vo. 

^  1902.  ^ 

-*«««««,  L.  Etq.  {the  ila/*or)— Natural  Coloaring  Matters.    8vo.     1902. 

Cbemistry  of  Isatin.     8v(>.     1902. 
^"^uw.  Dr.  C.  A.,  M.R.L— Die  Chemische  Industrie  des  Neonzenten  Jahrunderts 
^   TonG.  MuUer.    4to.     1902. 

jpioekuAetU  IwtituU  of  Technology— Technology  Quarterly,  Vol.  XV.  No.  2. 
j^^Aanieal  Engineers^  Initilution  o/- Proceedings,  1902,  No.  1.     8vo. 
^'^^tonlcgical  Society,  Boyoi— Meteorological  Record,  Vol.  XXI.  No.  84.    8vo. 

^QowUfriy  Journal,  Vol.  .\XVIII.  No.  123.     «vo.     1902. 

l^^^topieal  Society,  /foyaZ— Journal,  Aug.  and  Oct.    8?o.     1902. 

*iddfe«5  flosptta^— Reports  for  the  Year  1900.    8vo.    1902. 

^<^j)e//ier,  Aoademie  de*  &^'ence«— Catalogue  de  la  Bibliotbeque,  Part  1.    8vo. 

J,    laoi. 

y«^«  reyfer— Archives,  Serie  II.  VoL  VIII.  Fasc  L    8vo.     1902. 

*^  Commimoner  of  Mine* — Report  on  the  Mining  Industry  of  Natal  for  1901. 
fc,     l-olia     1902. 


^*^ottt  and  Norwich  NaturalisU*  Society— Transactions,  VoL  VII.  Part  3.    8vo. 

V  ^*^- 

^  of  England  Imtitute  of  Mining  and  Mechanical  Engineers — Transactions, 
^  Vol  LL  Nos.  3-4.    8to.     1902. 
'^'••WiVWol  Society— Transactions,  VoL  XXXIV.  No.  8.    8vo.     1902. 
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Faton^   Biemrt.  J,   ±  J.   {tJue    PiibU»!ierft) — List  of  School*  ftud    Tutots,     8fo. 

1902. 
Fhiictddphia,  Aeademy  of  Naturat    Scwnect — Prooe»jdinga,  Vol,  LIV.  Part  I, 

Sva.     1902. 
PhoUigTapkvi  Scciety,  Hoyal—Fhoiographlc  Journal  fur  Miy-Aog^  1902.    Sto, 
Fh^neal  Soc>«<y— ProfleediDge,  Vol.  XV HI.  Pitrt  2.    8vo,     imz. 
Rigki^  A.  E§q.  (the  AiUhoT)Sm  fenoineui   acttBtioi   dei    coDdenaatoii,     Sra, 

Mio  de  Janeiro  Obfervaiorg^Aunuil^  19(12,    8vo. 

Boeheehouart,  La,  Soiii^^'  ise  Amit  dea  Scienev*  M  ArU — Bulletin^  Tome  XL  Nmui^ 

8vo.     1902. 
Srmm  Mini^fy  of  Public  Whrkt — GiomftU  del  Genio  Civile  for  ApHl-^uly*    Svo. 

1902, 
Boyai  Soeietg  of  Londoif— Pbiloaophical  Tranwctloiu,  A.  Noe,  812-317.    410. 

iao2. 

Procjoedingi,  Noa.  462-4f;7,    Svo.     191>2. 
Eepurts  to  the  MulajiM  Catn mitten,  Tlh  SeiieH,     Stu,     1CKI2. 
Sanitary  TTutittUe— J onmal.  Vol.  XXUl.  Pwt  2-3.     8vo.     1902. 

Bupplemeut,  Vol.  XXIII.  Pftrt  2  3.    Bvo.     1902. 
S^oUaud.  AtitTonomer  iJo^i/br— AnmUii  of  tho  Boyal  ObBervfttofy,  Edinburgh, 

Vol.  L    4to.     1302, 
fetborne  ^ciWy— Nature  Notaa  for  Aug.-Oct.  1902,    8vq. 
Smitk^  B.  Leigh.  Enq,  Jtf.ii.X— TrftnaactioM  of  the  loatitutioa  of  Nat&I  Awti' 
teeta,  Vt>L  XLlV,    fto.     1902. 
The  ScoUiuli  Ueogmphical  Mftgazme,  VoU.  XVLL.  and  XVUL  Not.  lA^ 
Svo. 
SmitliJiKonian  /wrfidiiion— Beport  nf  the   U.S,  NatiosiAl    MosetuiL,   1900.     8fa 


!*U2. 


ie02. 


MiBcellaneoaa  Cbllecliqna,  1259,  J  31 2-  U.     8to, 
&HU^  0/ -Arti— Joarnal  for  July -Oct.,  1902.     Svo. 
Staii^ii&d  Soncty—AQU¥tm\,  Vol.  LXV.  Purt  3.    Svo.     1902. 
Taechini^  Prof  P,  Hon.  Mem.  R.L  {the  Auihor) —M.emone  deUa  &^dtA  d^ 

Spettrofitiopiflti  lUlianL  V<tL  XXXI.  Diap.  5^H.    4  to.     1902. 
Ta9mai<ia,  Agmt-Oensral  /or— Minpral  Industry  of  TMimmia,  1901  and  1908. 

Svo. 
Tasmania,  Rmfnt  Societif  of— ?rvcemliugs   IBOO-imi.     Svo.     1902; 
C^ted  Serviva  Imtitniimi,  i^Dpal— Journal  for  Julj-Otft,  1902.     Svo. 
United  State*  Beyirtnient  of  AgneidtuTe — Eclipse  Met^mlogy  uiil  Allied  Pro- 
biems, 
BullBtiD  Hoe.  82. 109  aud  117.    4to.    1902. 

Exp^Tiraoiit  Station  Becord,  Vol.  XIU,  No.  9.    Vol.  XIV.  No.  1.    8to.    19CH 
Sloiilhly  Woathi^r  Review,  March  1902*     4 to. 

»«port  of  Chief  of  Weather  Bureau,  1900-1901,  Vol.  I.     -Ito,     19(12. 
Vmlied  StaUi  Quot&giait  Survrnf—UiQisiml  iteaoureee  of  Uuited  States^  100(1.   «v& 
1902. 
BnlJetina,  177-190,  192,  Ut3  and  194.     8va 
21  lit  Annual  Rtport  1899-1900,     Parta  5-7. 
Qecdogy  and  Mineral  Et^wuroea  of  Copper  Blver  Dutricti  Alaska. 
i(eckmiiutji9ftnce#  in  thf}    Gape    Nome    uud    Norton    Buy  Kegiouc,   Alaska. 
1900. 
Upsal,  Eotfat  Swdet^  of  SctcncM— Nova  Acta,  Thiid  8erie«.  Vol.  3LV.  Fi» 
4to.     1902. 
List  of  Fellowa,  191^2.    Svo. 
VtfteiH  tur  BefHrderung  det  Get&erhfieiu^  lit  Pr«iMaefi — Verlmiidliingeti,  U 

Hett  6-8.    Svo. 
Fictoria  Jarfiiitf^-^Joiirnal,  Vol.  XXXIV.     Svo.     1902. 
Wimma,  Imperial  Geological  JwWIwte— VerhandliiogOTi,  1902,  Noi,  7-10.    «m 
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fUMMrO,  F.  L.  Bu.  (Oa  iinOor)— A  New  Tjpeof  Fooal  Pluie  Spectroaoope. 

Tbeoiy  of  the  Ocular  Spectroaoope. 

Report  of  Diieeftor  Allegheny  Obaerratory.    8vo.    1902. 
ftdfeyton  Janrfawy  o/flbfenoea— Proceedings,  Vol.  IV.  pp.  298^560.  8m   1902. 

MoBoin,  V6L  XIIL  (sixth  memoir).    4ta    1902. 

fafeni  Sadeiw  of  Aigteaar^-nJoiimid,  VoL  VIL  Nos.  S  and  4.    8m.    1902. 
VBUnai  &  NoryaU,  MMtan.  {ike  PuUidkari)— Proceedings  of  the  Aristotelian 

Society,  1901-1902.    Sra 
Iwfayfaai&rfafy    Tmnaactiona.  Vol.  XVL  Part  6.    4ta     1902. 

Phweeding^  1902,  VoL  L  Part  2.    8Ta    1902. 
htiA,}f9tm^nAmiiU  6«M0fdka/t— Vierteljahnachrift,  Jahrg.  XLVIL  Heft  1, 2. 
Sra    1902. 


WEEKLY  EVENING  MEETING, 
Friday,  Maroh  14,  1902. 

Sib  Fbsdbbiok  Bsamwbll,  Bart.  D.C.L.  LL.D.  F.B.S., 
Vioe-President,  in  the  Chair. 

PBOmM>B  SiLTANUS  P.  THOMPSON,  B.A.  D.So.  F.B.S.  M.BJ, 

MagneUtm  in  Transitu, 

(Abatract  deferred.) 
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[Deal, 


GENERAL    MONTHLY   MEETING, 
Monday,  December  1,  1902. 

Sir  Jaues  Crichton-Browne,  M.D  LL.D.  F.E.3,,  Treasurer 
Yioe-President,  in  the  Chnir. 

Edward  Divers,  M.D.  B,Sc., 

Miss  Amy  French, 

Winefred  Lady  Howard  of  Glossop, 

JoLn  Herbert  WhitehorHi  Esq, 

were  elected  Membci-s  of  the  Royal  InHtitution, 

The  special  thanks  of  the  Members  were  returned  to  Miai 
Hickman  for  her  Donation  of  £21,  and  to  Dr.  Frank  McClein, 
F,E,t).,  for  hifi  Donation  of  £40  to  the  Fund  for  the  Promotion  *>f 
Experimental  Research  at  Low  Temperatures. 

The  Honorary  Secretary  annonnoed  the  decease  of  Sir  WiHiam 
Chandler  Roberts- Ana  ten,  KX'.B.  on  November  22. 

Eemhed,  Tliat  the  Jfanagcra  of  tlie  RotbI  InBtiiution  of  Great  IlfiUin  d*«aj 
to  record  iheir  eeDse  of  the  Imn  fluetaiDed  by  the  Infltitntioti  in  tliedeosin* 
Sir  William  Cbandler  Ro>>eTt*^-Au!,ten,  K,C.R  D  CJ.,  D,8c.  F.R.^ 

Becoming  a  Member  of  ihe  Koyal  InHtitution  of  Great  BritaiD  in  IS71,1* 
delivered  manj  Friday  Eveuiu^  Diec^^urEeB  on  hie  important  reaearcJiea  im  tbe 
pi^perUi'a  of  Metalti  and  their  Alloya,  and  lie  pavi-  aim  an  mtere«tii»g  Coiin<j' 
I^eotnref  in  1886  on  "  Metals  a«  affected  by  itnall  quaiititiee  of  Impttiity "  H* 
WBi  elected  a  Hitanager  iii  1889^ 

The  Mana^'eTv  desire  to  rffer  to  I.ady  Boberta-AQaten  the  expre^on  of  t^* 
most  BiDcere  B^mpattjy  with  ber  in  her  hBrt-nvemeiit. 

The  Preseii T8  received  aince  the  last  Meeting  were  laid  oa  W 
table,  and  the  thanks  of  the  Meml»ers  returned  for  the  aw^^ 
viz,  :— 

TfiOlI 

AUtghtny  0&flerc«^or^^Mificelkneoufl  Scientiflc  Papers,  Kew  Scrie»,  N«.^ 
Svo.     \\)<A±  - 

Am^can  Atademif  of  Arh  and  Scieti06» — Proceeding's,  ToL  XXXVII^  Pwt  ^^ 
8m    1902. 

Amencan  Geographical  Socieitj—hulhtm,  VoL  XXXIV,  No.  4.    8m    ^^^^^^ 

American  ' PhitttettpMml  isoci e(w—Pruciredinj;;e,  Vol.  5LL  No.   170.     Svo.  IS<^ 

A^^tdemm  did  Lincm,  Eeale^  mmo' — Ulnsi*  di  Sctetii*  Fisifihi?,  MAtcniatifh*  ^ 
N&tOTuli,  Att[,  Serie  Quinta ;  Rendiconti.  2'  Semefltre,  Vol.  XL  Fii&  ^ 
9,     8m     HJ02.  | 

AftTonofnieai  Society .  ito^^ai— SIoDtlily  Hotictfl,  Vol.  LXIL  No.  9.     8to.    190*- 

J  uicffntMle  Clnh — JnufDal  for  NoTombert  11)02.     Svo, 

BacJtlimite^J.  W.{iht  iltti^r)— Publicationa  of  West  Htndon  HoBse  Qbeemte?* 
Sundtirland.    No.  2.    4to,     1902. 

Banker*^  Jndiiute  o/- Journal,  Vol  XXIII.  Part  8,    8to.     1902, 
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iw^flf.  QopemmeiU  of — ^Report  oa  Total  Solar  EoItpBO  of  Janaary 

obterred  at  Jeor,  in  Western  India.    By  K.  D.  Naegamoala.    4to.     1902. 
Mm  Public  I«6rory— Monthly  BuUeLin  for  November,  190^.    8vo. 
hituk  ArdtUeeUy  Royal  ItuiUtUe  o/-^oiimal,  Third  Series,  Vol.  X.  Nos.  1,  2. 

4to.    1902. 
JMM  Adnmomieal  ilMoeio/fon—Jonmal,  Vol.  XIIL  No.  1.    8vo.     1902. 
Jimof  Afrety  Ot<|r— -Monthly  Bnlletin  of  Monioipal  Statistics,  September,  1902. 

4to. 
Omdo,  Cmtral  Udeonlogioal  Offioe — Beport  of  the  Meteorological  Service  for 

1900.    8vo.     1902. 
Cmda,  Gtohgieai   Swney   o/— Geological  Map  of  Canada,  Western  Sheet, 

No.7»3. 
Okmiad  Induitry,  Society  o/'-nJonmal,  Vol.  XXI.  No.  21.    Svo.     1902. 
CUieai  Society— ^mceediagR,  Noa.  255,  256.    Svo.    1902. 

luBnuJ  for  December,  1902.    Svo. 
Cbioaj  SoeMf^— Transactions,  Vol.  XXXY.    Svo.     1902. 
ttiir*— Amerioao  Journal  of  Science  for  November,  1902.    Svo. 
Aaalytt  ibr  November,  1902.    Svo. 
Aitroph]r8ical  Jonmal  for  October,  1902. 
AlkBoaom  for  November,  1902.    4ta 

i'  Joomal  for  November,  1902.    Svo. 
News  for  November,  1902.    4to. 
and  Druggist  for  November,  1902.    Svo. 
Btetrieal  Engineer  for  November,  1902.    foL 
Beetrieal  Review  for  November,  1902.    Svo. 
Beetrioai  Times  for  November,  1902.    4to. 
Beetridty  for  November,  1902.    Svo. 
bgvieer  for  November,  1902.    fol. 
Ittineeiing  for  November,  1902.    foL 
Iwden's  Magazine  for  November,  1902. 
Bonlogieal  Jonmal  for  December,  1902.    Svo. 
brtntion  for  November,  1902. 

for  November*  1902.    Svo. 
of  the  British  Dental  Association  for  November,  1902.    Svo. 
^soal  of  State  Medicine  for  November,  1902.    Svo. 
law  Joomal  for  November,  1902.    Svo. 
Loadon  Tecdinical  Education  Oazette  for  November,  1902. 
Msdiinery  Market  for  November,  1902.    Svo. 
Model  Engineer  for  November,  1902. 
Hoit  Sdentiflqne  for  November,  1902.    Svo. 
Motor  C^r  Journal  for  Noveiuber,  1902.    Svo. 
Volor  Gar  World  for  December,  1902. 
Vniioal  Times  for  November,  1902.    Svo. 
Hitoie  for  November,  1902.    4to. 
Hew  Church  Magazine  for  November,  1902.    Svo. 
Rqovo  Cimento  for  October,  1902.    Svo. 
hgt't  Magazine  for  November,  1902.    Svo. 
^Unnacentioal  Journal  for  Nov.  1902.    Svo. 
J^otogiaphio  News  for  Nov.  1902.    «vo. 
^THcal  Beriew  for  Nov.  1902.    Svo. 
ninltr  Astronomy  for  Nov.  1902.    Svo. 
Wie  Health  Engineer  for  Nov.  1902.    Svo. 
Jfcnoe  AbstracU  for  Nov.  1902.    Svo. 
«»tel  for  Nov.  1902.    Svo. 
.2oophilJst  for  Nov.  1902.    4to. 
%M<Hia,  C,  A  Co.  (the  PudlisA^rc)— (Euvres  Completes  de  J.  G.  Galiasard  de 

Mtrignao.    Tome  1, 1840-1860.    4to.    1902. 
'**ia.  Prof.  J.  A.,  MMJ.  (the  iltittor)— Waves  and  Eipples  in  Water,  Air  and 
Sther.    Sto.     1902. 
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Fraaklin  IttfitUvte— J onm^  CUV.  No,  5,    8to.     1902. 
Geographicixl  S&citt^,  Boval — GuoKi^apbica]  Joumal  for  Not.  1302.     8vxk 
QemtyQical  Survei/  of  the  United  Kingdom — Summary  of  Pn^re&a,  1901.  8?o.  iy(J5S« 
MatJmit  Society   Htillandaige   ((&»    Scigtioet — Archl^ea    N^r!aiidai§»,    Ser.  DL 

Tome  Vil.  Livr.  4-5.    8va     }W2. 
Reriifakmg  tmi  het  HoTiderdvijftigjiirig  Beetaan.     8fo,     1902, 
BiU.  Mam».  W.  E.,  A  ^Scma— -Antunio  Stradivari :   bie  life  and  Woiks  (1644— 

1737).    4lo.     1902.  , 

M^^im,  tody,  MILL  {The  Attlhor)— The  ksirdiv^.     Sto.     1902. 
itflficaw  iSoc«f/j--Prfic<?ed ill g*,  October,  IPOli.     8to  ] 

Joumfll;  Botfttiv,  Vol.  X^tVL  Nos.  179-180.     Svo,     1902. 
Jfancfc-^iCT-  Gm^e^cal  SociVfy— Tmnpactiium  Vol  XXV II.  Pan  17.     8wi    1»2* 
3fttrtt«#,  J>r,  6'.  jI.,  MJ^. I— Die  Arbeiterlitiitftiitteii  des  LundeB-Veraiclieniigs- 

&D^liL)t  Berlin  bei  Df'diiz.     19Q2. 
}iSaiMtichuis*tt9  Inttituie  of  Tttshntthiqy — Teehnology  QuarterlT,  Vol.  XV.  Ka  3. 

8ro.     l<t<>'2. 
Mtcfmnical  EngineerB^  Ifutifuiion  (j/"^PpoceediDgs,  1902»  No.  2,     8to. 
Meteorologicfd  Socklffj  //oyai— J* i urn al  for  Ctetober,  100^^5,     8 to. 

Meteorological  Be«)rd,  Vol.  XXII.  No,  .^5,     Spo.     1902. 
JfimuJif  liloyoj  Brtvartan  .ioad^inif  *>/  Sdeneei^ — Abhatidlmig«;i],  Band  XXL  Abt.3- 

4to.     19<I2. 
Mfi^  Ton  Peitt  nkofer  xum  OeiiiiclLtTiisB  von  C&rl  v.  Voit.     4to,     1902- 
Nary  Lmgne — -Navv  Leiigue  Journal  for  Nov.  Iw02. 
Nmtf  Sotiih  Wale»j  Ro^l  Bociety  of — Jouranlaiid  Procwedingi^  Vol.  SXXT.   Bra 

1902. 
North  of  England  Inttiiuif  of  Mining  and  Mechanical  ^ngineen — Ajmual  Eaf^irt^ 

Ac.  19lU-iSti2. 
NumigtHatic  Somrty — Numisraatio  Chronicle,  1902,  Part  3.     8to. 
Odontological  A>r*fljf— Tianbactionu,  Vol.  XXXV.  No,  I,     8to.     1902, 

Liat  of  MfimbeTB,  1902.     8vo. 
Parin,  SociHe  Fran  fat  te  de  Pht/iique — Seances,  1902,  FaAC.  1-2.     8to,     l9Qt. 
Phologniphie  Sociviy,  Rojfal—yhoiotttnph\G  .lotirQ&l  for  Oct  lt»02.     Svo. 
FhyBiml  St ^etif  of  Ltmdo n  — Procet^Lnjj b.  Vol .  X  V 1 11 .  Part  3.     8 vo.     J  902. 
Qu^kttt  Mif^otGomeal  Ctufj-^outimU  SeHee  2,  Vol  VIII.  No.  51.    Sra     liNE 
Uosfoi  Society  of  Loh rfoTJ— PL i!o=*cpbical  TrmBaclirnft,  A,  No*.  319,  320,  331 

B,  No.  322.     4to.     19U2. 
Proceed )  11  gs.  No,  4  es.    8 va     1 902. 
Selbume  SoeiHy—^&iiJT^  Not^s  fnr  Nov.  1902.     8¥a 
Smith,  B.  I^igh.  E«q.,  MJiX—Th®  ScottUb  Geogmphlcal  U&gazine  for  Nn*. 

1902.    Svo 
Socifity  af  A  rfci— Journ  n  1  for  Nov .  1 902.    8  to. 
TacrhtTti,  Pro/  J*..  ntmMem,IiL  (the  .Ani/ior)— Metooiie  delli  Soci^tt  W 

SpettraBTopirti  Italiani,  Vol.  XXXI.  Disp.  10a.    4to.     1902. 
United  Serrkt  Jmtituiion^  Itvyal — Journal  far  Nov.  1902.     Sto. 
United  Slate*  Departmfut  of  AgrtcvHurt^ — Experiment  fetation  Eecoid,  ToL  S^ 

Htm,  10-12.    evo.     1902. 
IMoQtlily  Weal  her  Review,  July.     4to.     1902. 
Nortb  Anii?ncan  Fauna,  No.  22.     8vo,     11*02. 
Verein  tttr  B'cf&rdvrung  d*-s  GeiterbfieiMa  in   Preuwen— ^VerhftDdltmgen  ^^ 

Helt  9     8to, 
Wettem  Sochiy  ,/ £npnetrih^J*imtth\,  \  ol  VIL  No.  5.    8to.     1902. 
Zoological  ^wi>^^— ProcteiiingT<,  IH02,  Vol.  II.  Part  1.     Svo. 
Traniiaf'tmnH,  Vol.  XV I .  Parta  6  ftn<l  7.    4to.     1902, 
Indei  to  Proceedings,  1891-1900.     8to,    1902. 
Cfttalogtie  uf  Libmry.     8yu.     1902. 


1901]         Pro/e$Bor  Dewar  on  Problems  tif  the  Ainim^Jiere, 


223 


WEEKLY  EVENING  MEETING, 

Friday,  April  11,  1902. 

Tie  BiQBT  Hoir.  Loed  Kkltik,  O.M.  G.C.V.O.  RC:L.  LL.D,  D.So, 
F,E.S.»  Yiee-Presideiit,  iu  the  Chair. 

Professor  Dewae,  M.A.  LL.D.  D.Se.  F.R,8.  M.M.L 

Problem*  tyf  the  Atmosphere, 

To  pt^fient  liquid  ocean,  neglecting  everytbiDg  for  the  moment  but 
t^  w&ter,  w&B  at  a  pre t ions  period  of  the  earth's  hietoiy  part  of  the 
iboospliete,  and  ita  condensatioB  haa  been  brought  about  by  the 
pidail  cooling  of  the  earth *s  surface.  This  resulting  ocean  is  Bub- 
}i(Ati  to  the  pressure  of  the  remaining  uncondeueed  gases,  which 
for  the  preeent  we  may  regard  as  composed  solely  of  nitrogen  and 
(^gen,  vnd  as  these  are  slightly  soluble  they  diesoWe  to  some  extent 
ia  ^ts  ^uid.  The  gases  in  solution  can  be  taken  out  by  distillation 
Of  by  ethaosting  the  water,  asd  if  we  compare  their  Toltime  with 
tboTolimie  of  the  water  as  steam,  wo  should  find  about  1  volume  of 
Kt  in  60,000  volumes  of  steam.  This  would  then  be  about  the 
rough  proportion  of  the  relatively  permanent  goa  to  condensable  gas 
*bich  existed  in  the  case  of  the  vaporised  ocean. 

Now  let  us  aesunae  the  surface  of  the  earth  gradually  cooled  to 
•OBI  JKM>  degrees  below  the  freezing-point;  then,  after  all  the  present 
imm  W««  frozen,  and  the  clituate  became  three  times  more  inteoBe 
tbin  any  arctic  fro«t,  a  new  ocean  of  liquid  air  would  appear  &bout 
tEirty-fiv^  feet  deep^  covering  the  entire  surface  of  the  frozen  globe* 

We  jsmj  sow  apply  the  same  reoeoning  to  the  liquid  air  ocean 
tb*l  we  formerly  did  to  the  water  one,  and  this  would  lead  us  to 
•nticipftte  that  it  might  contain  in  solution  some  gaaes  that  may  be 
ttt  less  condensable  than  the  chief  constituents  of  the  fluid.  In  order 
loiQpar&te  tbem  we  must  imitate  thu  method  of  taking  the  gases  out 
«f  wtter. 

If  a  eunple  of  liquid  air  cooled  to  the  lowest  temperature  that 

cuL  be  feached  by  its  own  evaporation  was  eonnected  by  a  pipe  to 

ft^odenser  cooled   in   liquid   hydrogen,  tho  result   would  be  rapid 

diitiUaiion,  and  any  volatile  gasea  present  in  solution  would  distil 

ov«  with  the  first  portions  of  the  air,  and   while  the  nitrogen  and 

•«jgeii  solidified  in  the  condenser  they  could  be   pumped  off,  bting 

^l  ^^H^eous  at  the  temperature  of  20"^  absolute,     A  diagram  of  the 

S^ptraius  is  given  in  my  lecture  entitled  "  Gases  at  the  Beginning 

^  Etid  of  the  Century/*  *    In  this  way,  a  gas  mixture,  containingf 

^  tLb  known    gaees,  free   hydrogen,  helium   and  neon,  has  bean 

^Pifftted  from  liquid  air. 


^ 
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It  is  inierestiiig  to  aota  in  pasaiiig  ihttt  the  relalire  Tolatllitid^ 

water  and  oxygen  aro  in  tlie  t^ame  ratio  aB  thoftcs  of  Jiqiiiii  air  « 
bydrogen,  eo  tbal  tba  analogy  betwueo  the  ocean  of  water  and  tba.^ 
liquid  air  hm  another  HnggestiTe  p&rallel.  The  tvtal  uucoodcns^ 
guB  gcparated  in  this  way  amounts  to  about  ^^^n^th  of  the  volams 
the  air,  which  ifl  ahout  the  same  proportiou  as  the  air  di&soJvei 
water. 

That  free  hydrogen  oxietfi  in  air  in  small  amonttt  is  conelusir^ 
proved,  but  the  aetual  proportion  found  by  the  procreBa  described  ab^ 
ia  very  mnch  smaller  than  Gautier  Las  estimated  by  the  combust  i 
method.  The  recent  exptirimenta  of  Lord  Ray  lei  gh  abowr  that  air  d^ 
Dot  CO u tain  more  than  ^^/^^^lih,  fio  that  Gautier^  who  estimated  4 
hydrogen  present  as  ^tiVu^^)  '^^^  ^^  ftome  wuy  produood  more  hydrog 
than  can  be  extracted  from  air  by  a  repetition  of  the  same  proc^ 
conducted  by  nn  equally  oompetent  experimenter. 

The  more  Tola  tile  gases,  belinm,  hydrogen  and  neon,  can 
separated  from  liquid  air  without  the  use  of  liquid  hydrogen.  F* 
this  purpose  the  arrangement  of  apparatus  shown  in  Diagiuro  1 
employed  j  the  primary  object  being  to  liquefy  air  uncontaminat- 
by  oompreGsion  pumps  or  the  use  of  chemical  reagents,  at  the  preBSU 
of  the  atmoRpbeie  by  cooling  a  vessel  shaped  like  F  to  some  —210^4 
by  the  evaporation  in  vactw  of  liquid  air  coTering  its  exterior. 

Tbta  is  effected  by  connecting  the  tube  D  to  a  large  air  pno: 
and  regulating  a  supply  of  liquid  air  from  the  vessel  B  by  meae 
of  the  valve  a.  The  external  nir  free^i  from  moisture  by  prelimia 
ary  cooling  on  ita  way  to  the  apparatus,  is  brought  from  the  to* 
of  the  laboratory  through  glass  pipes  to  the  tube  A,  with  ita  r* 
galating  stopcock.  It  rapidly  liquefies  and  begins  to  fill  up  tb 
vessel  F,  which  has  a  capacity  of  about  130  co.^  while  the  nioM 
volatile  gases  diffuse  into  the  space  above  the  liquid.  In  urd« 
to  prevent  their  re-solution  a  vt^ry  light  and  rather  tight-£ttia 
glass  cylinder,  shown  in  E»  is  used  as  a  float  to  diminish  the  liqi^ ^ 
Burfaoe,  Aa  the  liquid  air  aceumvilates  the  float  E  rises  iu  the  ves94 
b\  until  finally  a  small  amount  of  uncondeosed  gas  m  left  at  G.  Tl 
external  supply  of  liquid  air  from  B  being  shut  off  and  the  stopcoct^^ 
closed,  the  valve  6  connected  with  the  tube  d  coming  from  the  inter** 
vessel  F  is  opened.  This  diseharges  all  the  air  which  waa  liquet* 
direetly  to  the  outside  of  F ;  thereby  dimini«hing  the  amount  requVr 
to  be  supplied  from  the  vessel  B  for  the  next  operation  of  filling 
and  the  float  K  falls  to  the  bottom  of  the  vessel.  Uuring  this  emp^ 
ing  of  the  vessel  the  separated  gas  expands  and  fills  the  whole  of 
nnder  the  given  conditions  of  temperature  and  pressure.  Car^ 
taken,  however,  to  leave  a  layer  of  liquid  air  below  the  float  to  gn* 
against  the  gaseous  contents  in  F  being  taken  away  in  part  by  the  ' 
pntDp.  The  valve  t?  is  now  shut  again  and  A  opened  so  that  the  op^^ 
tion  of  filling  may  be  repeated,  and  after  fire  or  six  sequences  of  t^ 
kind  the  aooumulated  gas  iu  F  i&  drawn  off  into  a  mercury  receiver 
The  total  volume  of  gaa  coUected  in  thia  way  amouuted  to  abc^ 
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sfiu^  of  ^^@  ▼olame  of  the  air  dii^eetljr  liquefied,  and  contained  38 
pereeui  of  nitrogeD,  4  per  ceal  of  hydrogen,  and  58  pet*  cent,  of  mised 
Winia  and  neon.  On  the  average  some  25  cc,  of  gas  waa  collected 
Bff  eTery  litre  of  liq^nid  air  produced,  and  as  the  appar&tns  works 
»hao8t  »utom*tioally,  fche  method  beeeinieB  a  practical  one  for  the 
Wfwition  of  the  moat  inoondeneablo  confltituonts  of  the  atmoBphere. 
After  the  removal  of  the  hydrogen  and  nitrogen  hy  sparking  in  tho 
■io*l  way  with  excess  of  otygen  o^er  alkalij  the  helium  and  neon 
•in  bfl  aeparated.  This  is  easily  doae  by  freezing  out  the  neon  by 
flttiog  the  gaseoufl  mLiture  through  a  tube  cooleS  in  liquid  hydro- 
ps; Wthe  alternative  method  t>f  spectroscopic  fractionation  dose ri bed 
^  A  farmer  lecture  may  be  adopted  to  effect  the  general  separation 
"ill  the  Donstituente^  The  execution  of  tho  process  on  tbo  larger 
^e  nil  enable  gaaea  other  than  helium  and  neon  to  bo  detected  and 
finitely  separated. 

A  similar  sample  of  gas  collected  from  air  that  had  been  passed 
^^Qgh  lead  pipe^  and  dried  with  stroDg  sulphuric  acid  ooatained 
*^ut  33  per  cent,  of  hydrogen,  instead  of  the  4  per  cent,  found  as 
liNjie^  or  say  at  tho  most  y^ijj',j-^th  of  free  hydrogen  in  the  original 
^pk  of  air.  The  increased  proportion  of  hydrogen  must  have 
ongLoat^d  from  the  contact  of  metal  with  wattir  and  acid  vapours. 

The  total  volume  of  the  very  volatile  gases,  helium  and  neon, 
eoUfiflted  in  this  way  amounted  to  ^jgiirTr^^  ^^  *^**  origioal  volume  of 
*^»ir.  This  mixed  gas  bad  n  density  8*7  times  that  of  hydrogen, 
**  thit  the  miiture  was  composed  of  16  per  cent,  of  helium  and 
jtper  eeut,  of  neon  ;  if  the  latter  be  taken  ae  having  a  density  of  10. 
Tliqa  ^ir  contains  five  timea  more  neon  than  helium.  These 
•i^p^meiitB   prove    that  air  coo  tains  as   a  minirunm    i,-.A,nr.th  of 
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ih  volume  of  helium,  about  r^iuiytb  of  neon,  and  nnt  njoro  than 

nrfejth  of  free  hydrogen.     In  order  to  make  the  method  strictly 

<lQ»atitative,  the  correction  factor  for  solubility  of  theso  gases  under 

tits  oo&ditions  of  the  experiment  in  the  li4|uid  air  would  require  to  be 

^yffi).     With  the  use  of  air  freed  from  the  volatile  gases  by  lique- 

fiction  and  standiug  for  a  day  or  two,  the  method  was  proved  to  be 

oi|>ihle  of  detecting  the  presence  of  yi^Jrir^tli  of  free  hydrogen  iti  a 

ijwcially  prepared  mixture*     In  a  mixture  containing  T^^o^j-jyth  of  free 

lijriirogen  the  loss  from  solubility, etc.,  amounted  to  about  60  percent 

The  spectroscopic  oiamination  of  these  gases  throws  now  light 

SpOD  the  question  of  the  aurora  and  the  nature  of  the  upper  air.    On 

pumig  ekotric  diaoharges  through   the  tubes  containing  the  most 

volatile  of  the  atmospheric  gases,  they  glow  with  a  bright  orange 

light,  which  is  especially  marked  at  tho  negative  pole.     The  spectro- 

gcope  shows  that  this  light  oonsists,  in  the  visible  part  of  the  spectrum, 

eliiefiy  of  a  sucoessiou  of  strong  rays  in  the  reel,  orange  and  yoUow, 

Attrlbnted   to  hydrogen,  helium  and    neon.      Besides   these,  a  vast 

munber  of  rays,  generally  less  brilliant,  arc  distributed  through  the 

whnk  length  of  the  visible  spectrum.     The  greater  part  of  these  rays 

ftre  off  as  yel,  unknown  origin.    Tbo  violet  and  ultra-violet  part  of 

Vol.  XVII.    (No.  96.)  Q 


Pfo/euor  2>etcar 


[April  11, 


the  speetrnm  rivals  in  strength  that  of  the  red  and  yellow  rays.  Aa 
these  gftBos  probably  include  iome  of  tho  gases  that  pervade  intei^ 
planetary  space,  aearoh  wae  made  for  the  prominent  nebular,  coronal 
and  auroral  lines.  No  definite  lines  agreeing  with  the  nobalar  spec- 
tram  could  be  found,  but  many  lines  occurred  closely  coincident  with 
the  coronal  and  auroral  spectrum.  But  before  discussing  the  spectro- 
ttoopic  problem  f  it  will  be  necessary  to  coneider  ^e  nature  and 
condition  of  the  upper  air. 

According  to  the  old  law  of  Dalton,  supported  by  tho  modem 
dynamical  theory  of  gases,  each  constituent  of  the  atmoephero  while 
acted  upon  by  the  force  of  gravity  forms  a  separate  atmosphere,  com- 
pletely independent,  except  as  to  temperature,  of  the  others,  aud  the 
reflations  between  the  common  temperature  and  the  pressure  and 
altitude  for  each  specific  atmosphere  can  be  definitely  expreaeed. 

If  we  assume  the  altitude  and  temperature  known,  then  the  pres- 
sure cGtn  be  asoertained  fur  the  same  height  in  the  case  of  each  of  the 
gaseoue  constituents,  and  in  this  way  the  percentage  composition  of 
the  atmosphere  at  that  place  may  be  deduced. 

Suppose  we  start  with  a  surface  atmoaphere  having  the  oompo- 
sition  of  onr  air,  only  containing  nr^u*^^  ^^  hydrogen  ;  then  at 
thirty-seven  miles^  if  a  eample  could  be  procured  for  analysia,  we 
believe  that  it  would  be  fouud  to  contain  12  per  cent,  of  hydrogen 
and  only  10  per  cent,  of  otygen.  The  carbonic  acid  practically  dis- 
appears ;  and  by  the  time  we  'reach  forty-seven  miles,  where  the 
temperature  is  tnintis  132  degrees, assuming  a  gradient  of  3-2  degrees 
per  mile,  the  nitrogen  and  oxygen  have  so  thinned  out  that  the  only 
constituent  of  tho  upper  air  wMch  is  left  is  hydrogen.  If  the  gradient 
of  temperature  were  doubled,  the  elimiuatiou  of  the  nitrogen  aaud 
oxygen  would  take  place  by  the  time  thirty -seven  miles  was  refteli^, 
with  a  temperature  of  minu^  220  degrees. 

The  theoretical  distribution  of  the  chief  components  of  our  atmo- 
sphere, on  the  assumption  of  steady  equilibrinm,  is  graphically 
repiesented  in  Diagrams  H.  and  III,  In  the  diagrams  nitrogen  is 
represented  by  the  red  colour,  oxygen  by  the  blue,  hydrogen  by  the 
yellow,  argon  by  vermilion,  aud  carbonic  acid  by  block*  A  bori- 
Kontol  line  drawn  across  the  diagram  at  any  height  marked  in  kilo- 
metres (0*62  mile)  BhowB  the  percentage  by  volume  of  the  constituents 
at  that  elevation  by  the  respective  lengths  of  line  in  the  colour  of  the 
individual  constitaents.  The  results  of  Hinrich's  calculations  which 
involve  no  consideration  of  the  effects  of  tempemture,  are  represented 
in  Diagram  II,,  and  those  of  Ferrol,  who  assumes  a  temperature 
gradient  of  4°  per  kiloujetre,  throughout  the  upper  air,  in  Diagram  IIL 
The  higher  the  assumed  temperature  gradient  the  lower  the  elevation 
at  which  the  nitrogen  and  oxygen  are  eliminated  and  the  true  bydro- 
gon  atmosphere  begins.  The  elevations  marked  A,  B,  C  and  D  in  the 
diagram  refer  to  the  respective  gradients  of  4^°,  8%  2^  and  l""  per 
kilometre,  and  mark  the  end  of  nitrogen  or  the  beginning  of  the  tetia 
hydriigen  atmosphere.     The  position  A  cnrresponds  to  GO  kilometres 
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and  a  temperature  of  -  230'' ;  B  to  67  kUometres  and  - 181°  C. ;  C  to 
76  kUomctree  and  - 132'' ;  and  D  to  87  kilometres  and  -67^ 

Oo  any  of  these  temperature  gradient  hypotheses  it  appears  that 
pnctictlly  aboye  56  miles  the  atmosphere  woald  be  sabstantially 
composed  of  hydrogen.  If  helium  and  neon  had  been  included  in 
the  calcnlations  they  would  have  been  found  concentrated  at  high 
doTAtion  between  the  regions  occupied  respectively  by  the  hydrogen 
*Qd  the  nitrogen  in  the  diagrams.  If  the  temperature  is  taken  as 
ooDstftDt,  Diagram  11.  sho^vs  that  at  an  elevation  of  same  62  miles 
the  composition  of  a  sample  of  the  air,  if  it  could  be  secured,  would 
he  95*1  per  cent,  of  hydrogen,  4*6  percent,  of  nitrogen,  and  0*8 
per  cent  of  oxygen. 

The  permanence  of  the  composition  of  the  air  at  the  highest 
dtitndes,  as  deduced  from  the  basis  of  the  dynamical  theory  of  gases, 
htt  been  discussed  by  Stoney,  Bryan,  and  others.  It  would  appear 
jh^t  there  is  a  consensus  of  opinion  that  the  rate  at  which  gases  like 
hydrogen  and  helium  could  escape  from  the  earth's  atmosphere  would 
hB  excessively  slow.  Considering  that  to  compensate  any  such  loss 
the  8amo  gases  are  being  supplied  by  aotions  taking  place  in  the 
^^i  of  the  earth,  we  may  safely  regard  them  as  necessarily  per- 
cent constituents  of  the  upper  air. 

The  temperature  at  the  elevations  we  have  been  discussing  would 
^t  be  sufficient  to  cause  any  liquefaction  of  the  nitrogen  and  oxygen, 
^  tooount  of  the  pressure  being  so  low.  If  we  assume  the  mean 
^i&perature  as  about  the  boiling-point  of  oxygen,  then  a  considerable 
''^ont  of  the  carbonic  acid  must  solidify  as  a  mist,  if  the  air  from  a 
h>^er  level  be  cooled  to  this  temperature ;  and  the  same  result  might 
!**o  place  with  other  gases  of  relatively  small  volatility  which  occur 
^  air.  The  temperature  of  the  upper  air  must  be  above  that  on 
^he  npour  pressure  curve  corresponding  to  the  barometric  pressure 
^t  the  locality,  otherwise  liquid  condensation  must  take  place.  In 
^er  words,  tiie  temperature  must  be  above  the  dew-point  of  air  at 
that  place.  At  very  high  elevations,  on  any  reasonable  assumption 
^  temperature  distribution,  we  inevitably  reach  a  temperature  where 
the  sir  would  condense,  just  as  Fourier  and  Poisson  supposed  it  would, 
^W  the  temperature  is  arrested  in  some  way  from  approaching 
«»eiero. 

Both  ultra-violet  absorption  and  the  prevalence  of  electric  storms 
^  have  something  to  do  with  the  maintenance  of  a  higher  mean 
t^peratnre  than  we  should  anticipate,  following  the  deductions 
of  our  assumed  formulas  for  temperature  decrements.  The  whole 
^"^  of  the  air  above  40  miles  is  not  more  than  y^th  part  of  tbe 
^tal  loass  of  the  atmosphere,  so  that  any  rain  or  snow  of  liquid 
^  solid  air,  if  it  did  occur,  would  necessarily  be  of  a  very  tenuous 
^^Kription.  In  any  case,  the  dense  gases  tend  to  accumulate  in  the 
lover  strata,  and  the  lighter  ones  to  predominate  at  the  higher  alti- 
fodes,  always  assuming  a  steady  state  of  equilibrium  has  been  reached. 

It  most  be  observed,  however,  that  a  sample  of  air  taken  at  an 
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cle^&tifm  of  9  miles  lufi  shown  no  diffet^noe  in  compodtioti  ftom 
that  ftt  the  grptmd,  wbere«0,  aooording  to  our  bypotheeis,  tbe  oxrgi^n 
ooght  to  have  been  dimiDisiked  to  17  p^  cent,  and  the  carbonic  acid 
fthonld  tJbo  bafe  beeome  mnch  lees.  Tbis  can  oaljr  be  explained  by 
afamTning  tbat  a  large  iDleFmixtnro  of  dlfferetit  lajfers  of  tbo  almo- 
spbere  ia  ettll  takiag  place  at  tbia  elevation.  Tbie  is  confirmed  by  a 
^«dj  of  the  motions  of  clouds  about  six  miles  bigb,  wbich  reveals  an 
fti«rage  Teli>city  of  the  air  currente  of  some  seventy  miles  an  boiir ; 
BQcb  TLolent  winds  most  be  the  means  of  earning  tbo  ioteimingling 
of  different  fttmospberic  Bttata.  Some  cloadft^  botverer,  daring  hot  and 
thundery  uneather,  have  been  seen  to  reach  an  elevation  of  seventeen 
nulea,  so  that  we  have  direct  proof  that  on  occasion  the  lower  layers 
of  atmosphere  aro  carrieHl  to  a  great  elevation. 

The  exietenco  of  an  atmosphere  at  more  than  a  hundred  mi  lea 
above  the  snrfaoe  of  the  earth  is  revealed  to  us  by  the  phenomenon  of 
twilight  and  the  Inminoeity  of  meteors  and  treballs.  When  we  can 
take  photographs  of  meteoric  spectra,  a  great  deal  may  be  learnt 
about  the  composition  of  the  upper  air.  In  the  meantime  Pickering's 
solitary  spectrum  of  a  meteor  reveals  an  atmosphere  of  hydrogen  and 
helium,  and  so  £ar  this  is  a  corroboration  of  the  doctrine  we  have  been 
discussing.  It  has  long  been  recognised  that  the  auroi^  is  the  result 
of  electric  discharges  within  the  limits  of  the  ^u-thV  atmospheref 
but  it  was  difficult  to  anderstand  why  its  spectriim  sbould  be  so 
entirely  different  from  anything  which  could  be  produced  artificially 
by  electric  dischargee  through  rareEed  air  at  the  surface  of  the 
earth.  Band  Capron,  in  1879,  after  collecting  all  the  recorded 
ob^ervatioDS,  was  able  to  enumerate  no  more  than  nine  Buroral  rays, 
i>f  which  but  one  coidd  with  any  probability  be  identified  with  mys 
emitted  by  atmoapherio  air  under  electric  discharge.  Vogel  attri- 
buted this  want  of  agroement  between  nature  and  experiment,  in  a 
vugue  way,  to  difference  of  temperature  and  pressure ;  and  Zolltier 
thoujrht  the  aurond  spectrum  to  be  one  of  a  different  order,  in  the 
senee  in  which  the  line  and  band  spectra  of  nitrogen  are  said  to  be  of 
ditlerent  orders. 

Such  statomenta  were  merely  oonf^sRione  of  ignorance.  But  since 
tbnt  time  observatioits  of  the  spectra  of  auroras  have  been  greatly 
multiplied,  chiefly  through  the  Swedish  and  Danish  Polar  Expeditions. 
Tlie  spectrum  recorded  on  the  uttra-violet  side  baa  boen  greatly 
extended  by  the  use  uf  photography,  so  that,  in  a  recent  discujision  of 
the  results,  M*  Henri  Stassano  is  able  to  enumerate  upwards  of  one 
hundred  auroral  rays,  of  which  the  wave-length  is  more  or  less 
approximately  known.  Of  this  liirge  number  of  rays  he  is  able  to 
ideutify,  within  the  probable  limits  of  errors  of  observation,  about 
two-thirtls  as  rays,  which  Professor  Liveingand  myself  have  observed 
to  btj  emitted  by  the  moBt  vcdatile  gases  of  atmospheric  air  unliqtie- 
fiiihle  al  the  temperature  of  liquid  hydrogen.  Most  of  the  remainder 
he  ascribes  to  aigon^  ttnd  soma  mighty  with  more  probability^  baT<e 
been  identitie'1  with  krypton  or  xenon. 
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Tlie  rosy  tint  often  seen  in  anroras,  particularlj  in  tbe  streamerg, 
ftppa^rs  to  be  due  maiolj  to  naoti,  of  which  tbe  epoctrum  is  remark- 
mbiy  rich  in  red  and  orange  ray  a.  One  or  two  neon  rays  are  amoogst 
tfaoae  most  frequently  observed ^  while  tbe  red  ray  of  hydrogen  and 
one  red  ray  of  krypton  haFe  been  noticed  only  once.  The  predomin- 
fttkiOe  of  neon  is  not  surprising,  seeing  that  from  ite  relatively  greater 
praportion  in  air  aad  its  low  density  it  must  tend  to  concentrate  at 
faiglier  elevatiotiB. 

So  krgie  a  nmnber  of  probable  identificatioiiB  warrants  the  belief 
tbat  we  may  yet  be  able  to  reproduce  in  our  laboratories  the  auroral 
speelrtim  i^  its  entirety.  It  is  true  that  wo  have  still  to  account  for 
the  Appearance  of  some,  and  tbe  absence  of  ot^her,  rays  of  the  newly 
diaooTered  gasee,  which  in  the  way  in  which  we  stimnlate  them 
appear  to  be  equally  brilliant,  and  for  the  absence,  with  oue  donbtfnl 
excseption,  of  all  the  rays  of  nitrogen .  If  we  cannot  give  the  reason 
of  this,  it  Ls  becaoBe  we  do  not  know  the  mechaiiiBm  of  lumineeoeDoe 
— nor  even  when  the  particles  which  carry  the  electrieitv  are  them- 
aelvea  iaminoas,  or  whether  they  only  produce  etreaaes  catismg  other 
partidefl  which  enooimter  them  to  vibrate ;  yet  we  are  certain  that  an 
electric  discharge  in  a  highly  rarefied  mixture  of  gasea  lights  one 
element  and  not  another,  in  a  way  which,  to  onr  ignorance,  aeems 
capriciona. 

The  Swedish   North  Polar  Expedition   concluded  from  a   great 
number  of  trigonometrical  measurements  that  the  average  above  the 
groimd  of  the  base  of  the  aurora  was  fifty  kilometres  (thirty-four 
sfttieB)  at  Cape  Thorsden,  Spitsbergen ;  at  this  height  the  preeanr^ 
of  tbe  nitrogen  of  the  atmosphere  would  be  only  about  one-tenth  of  a 
inillimetre,  and  Moissau  aud  Deslaodree  have  found  that  in  atmo- 
spheric air  at  presnures  lose  than  one  millimetre  the  rays  of  nitrogen 
ind  oxygen  fade  aod  are  replaced  by  those  of  a;rgon  and  by  five  new 
ayi  wiiich  Stassano  identifies  with  rays  of  the  more  volatile  gases 
tneaiured  by  us*      Also  Collie  and   Bam  say 'a  obecrvations  on  the 
digiitico  to  which  electrical   discharges  of  0(iual   potential  traverse 
^itferent  gaeeB  throw  much  light  on  the  question.     They  find  that, 
*Mk  for  helium  and  neon  this  distance  is  from  250  to  300  mm.,  for 
^joti  it  m  46 J  mm.t  for  hydrogen  it  ii  39  mm  ,  and  for  air  and  oxygen 

Thifl  indicates  that  a  good  deal  depends  on  the  very  constitution 
^tlie  gaacm  themfielvea^  and  certainly  helps  us  to  understaud  why 
^n  ud  argoiif  which  exist  in  the  atmosphere  in  larger  proportions 
^^belimn,  krypton,  or  xeuon,  should  make  their  appearance  in  the 
"Ntrom  of  anroras  almost  to  the  exclusiou  of  nitrogen  and  oxygen. 

How  much  depends  not  only  on  the  constitution,  and  it  may  be 
'^psmture,  of  the  gases,  but  also  on  the  character  of  the  electric 
^iitrge,  is  eTident  from  the  difference  between  the  spectra  at 
t^(*  c&thode  and  anode  in  d)£ferent  gases,  notably  in  nitrogen  and 
"tgon,  and  not  less  remarkably  in  the  more  volatile  compounds  of 
tlie  itojospUer^. 
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WitLoat  stopping  to  difcuBB  thftt  quefitioiLi  it  is  oetiaiti  thai 
flhanges  in  Ibe  cliaracter  of  the  electric  discharge  produce  definite 
dMUiges  in  the  Bj^eetra  excited  bj  them.  It  has  long  been  known 
^iftt  in  many  spectra  the  rajs  which  are  inconspicnouB  with  an  un- 
oc»tideii8ed  electric  dischai^ge  become  Terj  pronoimced  when  a  Lejden 
jaf  is  in  the  circnit.  This  used  to  be  ascribed  to  a  higher  tetnperatnre 
ID  tfai^  oondensed  epark,  thongh  measnFements  of  that  temperatnre 
have  not  borne  ont  the  explanation.  SchuEter  and  Hemsalech  haTe 
shown  that  these  changeB  of  spectra  are  in  part  due  to  the  oecillatory 
character  of  the  condenser  disj^harge^  which  may  be  enhanced  bj  self- 
induction,  and  the  oorreaponding  change  of  apectmm  thereby  made 
more  pronounced. 

If  we  turn  to  the  question  what  is  the  cause  of  the  eleclrio  discharges 
which  at*!  generally  belieTed  io  oocasion  auroras,  but  of  which  little 
more  hae  hitherU*  been  known  than  that  thoy  are  connectorl  with  sun- 
Bpoti  and  solar  eruptions^  recent  studies  of  electric  discharges  in  high 
vacua,  with  which  the  names  of  Crookes^  Rontgen,  Lenard,  and 
J.  J.  Thomson  will  always  be  associated,  hare  opeoed  the  way  for 
Arrheniug  to  suggest  a  definite  and  rational  answer.  He  point s  out 
that  the  frequent  diatnrbanoea  which  wo  know  to  occur  in  the  son 
inst  cause  electric  discharges  in  the  eun^s  atmosphere  far  exceeding 
any  that  occur  in  that  of  the  earth.  These  wilt  be  attended  with  an 
ioni^tion  of  the  gases,  and  the  negative  ions  will  stream  away 
through  the  outer  atmosphere  of  the  sun  into  the  interplanetary  space, 
beootning,  as  Wilson  ha©  shown,  nuclei  of  aggregatitm  of  condensable 
vapoutD  and  cosmic  dust.  The  liquid  and  solid  particles  thne  formed 
will  be  of  variouB  sixes  ;  the  larger  will  graritaie  hack  to  the  euUf 
while  those  with  diametera  leas  than  one  and  a  half  thousandths  of  a 
tnillimetre,  but  navertheless  greater  than  a  wave-length  of  light,  will, 
in  accord anee  with  Clerk-Maxwells  electromagnetic  theory,  be  driven 
away  from  the  snn  bj  the  incideuf^  of  the  solar  rays  upon  them,  with 
velocities  which  may  become  enormous,  until  they  meet  other  celestial 
bodie«i  or  increaee  iheir  dimensions  by  picking  up  more  cosmic  duBt> 
or  diminish  them  by  evaporation.  The  earth  will  catch  its  share  of 
such  particles  on  ^e  aide  whioh  is  turned  towards  the  sun,  and  its 
upper  atmosphere  will  thereby  become  negatively  electrified  until  the 
potential  of  the  charge  reaches  such  a  point  that  a  discharge  occurs, 
which  will  he  repeated  as  more  charged  particles  reach  the  earth. 

fj.  D.] 
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Sir  WjlxiAW  Cbooses,  F.B.S.,  Honornry  Secretary  and 
Vice-President,  in  the  CHair. 

Tempest  Andbrson.  M.D.  B.Sc.  F.G.S.  M,KL 

Meceni  Volcanic  Erupiioru^ 

LB  ft  lemarknble  aimilaritj  between  the  islands  of  St.  Yiocatit 
«Ad  Mnj'tiiitqtie.     Both  aro  roiigbly  oval  in  fornix  witb  the  long  axis 
•Imofit  north  and  bo  nth.     The  north-west  portion  of  each  ib  occupiwd 
hy  »  Tol4»D0»  tho  Sonfri^re  and  Mont  Pelde,  which  have  many  points 
in  <soiiudjOii.   Both  ipolo&noes  show  a  £mgle  or  practically  single  vent^ 
and  a  Tem&rkable  abseni^e  of  parasitic  cones  and  a  Boaroitj  of  dykes. 
la  bo^  m  transverse  valley  eii&ts  to  the  south  of  the  volcanoesj  and 
the  main  discbarge  of  ejecta  during  the  recent  eruptions,  tvhlch  have 
oft^n  been  nearly  synchronous,  has  been  into  this  depression,  and 
especially  into  its  westerly  portion*   In  both  islands,  the  recent  erup* 
lions  have  been  characterised  by  paroiysmal  discharges  of  incan des- 
cent ashes,  with  comparatively  few  larger  fragments  and  a  complete 
ikmoi&&  of  lava, 

Tbere  are,  however,  a  few  points  of  dtfierence.  The  eruptions  of 
li.  Tincent  bave  been  altogether  on  a  much  larger  eoale  than  tho^e 
h  Mutiuiqne.  Tho  area  devastated  was  cooBiderably  larger,  the 
iwmnt  of  ashes  ejected  probably  ten  times  as  great,  and  if  the  loss 
of  life  was  not  so  large,  this  is  aceoonted  for  by  the  absence  of  a 
p«paluus  city  at  tho  foot  of  the  mountain.  While  both  volcanoes 
«^ov  practically  a  single  vent,  this  is  much  more  markedly  the  ease 
'^^ Si  Vinot*nt,  where,  excepting  the  new  crater,  which  m  praiitlcully 
P^  of  the  old  or  main  one,  there  is  not  a  single  parasitic  cone.  Wo 
*k*  no  funi&r<defl>  no  hot  springf),  nor  any  trace  of  radial  craoks  or 

Da  Mont  Ptal^e,  it  is  true,  the  main  activity  is  confined  to  a  re< 
"^iicted  area  about  the  summit  of  the  moutitnin,  and  thu  top  of  the 
S***!  flttnre  which  extends  or  extended  from  this  down  in  the  direc- 
tiwi  of  the  Biviere  Blanche ;  and  there  arc  no  parasitic  cones  com- 
fintble,  for  Instance^  to  iho«e  whtoh  are  so  numerous  on  Etna ;  but 
^m  are  many  fumarolos  which  Professor  Lacroix  and  bis  colleagues 
ip^k  of  as  emitting  gases  hot  enough  to  melt  lead  though  not  copper 
^^.  A  telegraph  cubic  has  been  three  times  broken  at  about  the 
i*i&e  place,  and  the  broken  ends  on  one  occasion^  at  any  rate,  showed 
i^trka  of  fuEsioti.  There  are  also  several  hot  springs.  Judging  from 
Vol,.  XVIL     (No.  37.)  H 
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thefifl  and  other  mdicatiotis,  it  ia  most  probable  tbat  radUl  cntckfl 

entered  deeply  tikraugb  tEe  substance  of  tie  mountain » and  penetrated 
6Ten  the  sabmarine  portion  of  its  cone, 

Tlje  local  distfib^tion  of  erupted  material  in  Martioiqae  in  ac- 
counted for  by  the  great  fiBstire  at  the  top  of  the  valley  of  the  Bivi^ro 
Blanche,  which  commumcated  with  the  main  pipe  of  the  Tolcano, 
and  out  of  which  the  eruptions  took  place,  Thi»  fiseure,  which  was 
mentioned  as  exifiting  ia  the  eruption  of  1851,  pointed  almoRt  directly 
towards  St.  Pierre,  and  as  the  erupted  material  flowed  out  almost  like 
&  fluid,  it  was  directed  straight  down  on  the  doomed  city.  The  lowest 
portion  of  l^e  lip  of  the  crater  of  the  Soufriere  was  much  broader  and 
more  e^en,  so  the  incaudeeoent  aralanche  whieli  descended  &om  it  was 
spread  much  more  widely. 

The  latest  accounts  from  ProfcBsor  Laoroix  indicate  that  the  recent 
small  eruption  of  Mont  PeUe  has  filled  up  the  highest  parts  of  the 
fieaure  and  formed  a  coue^  the  foot  of  which  covers  up  the  former 
crater  ring.  In  atiy  further  eruption,  therefore,  the  avalanche  of  in* 
candescent  mnd  will  not  be  confined  to  the  district  of  the  EiTiere 
Blanche,  but  may  descend  ou  any  side  of  the  mountain. 

The  accompanying  photograph  of  Mont  Pelc©  in  eruption  was 
obtained  from  a  ton- ton  sloop  in  a  sea  way,  and  is  therefore  not  quite 
sharp.  Attention  was  directed  to  the  eruption  by  a  peculiar  black 
cloud  which  appeared  over  the  volcano  and  then  rolled  down  the  side 
of  the  mountain  to  the  sea.  The  clond  was  formed  of  surging,  roll- 
ing, expending  masses,  in  shape  much  like  those  of  the  previous 
cauliflowers,  but  quite  blank,  and  full  of  lightning- flashes  and  seintU- 
lationSf  white  small  flashes  constantly  struck  from  its  lower  surface 
on  to  the  sea.  Tho  upper  slopes  of  the  mountain  cleared  somewhatt 
and  soma  big  rod -hot  stones  were  thrown  out ;  then  the  trianguUr 
crack  became  red,  and  out  of  it  poured  a  surging  mass  of  incandes- 
oant  material,  reminding  ns  of  nothing  so  much  as  a  big  anow' 
avalanche  in  the  Alps,  but  at  a  vastly  different  temperature.  It  was 
perfectly  well  defin^,  did  not  at  all  tend  to  rise  like  the  previous 
cauliflowers,  but  flowed  rapidly  down  the  valley  in  the  side  of  the 
mountain  which  had  clearly  been  the  track  of  previous  eruptiong, 
until  in  certainly  lees  than  two  minutes  it  reached  the  sea,  and  was 
there  lost  to  view  behind  the  remains  of  the  first  black  cloud,  with 
which  it  appeared  to  coalesce.  There  and  on  tho  slopes  of  the  moun- 
tain were  doubtless  deposited  the  greater  part  of  the  incandescent 
ash,  while  the  eteam  and  gases,  with  a  certain  portion  of  still  antdi- 
gled  stones  and  aah,  came  forward  in  our  direction  as  a  black  cloudy 
but  with  much  greater  rapidity  than  htifore.  The  cloud  got  nearer 
and  nearer ;  it  was  well  dcflned^  hluck  and  opaq^uo,  formed  of  surging 
masses  of  the  cauliflower  type,  each  lobe  rolling  forward,  but  not  all 
with  on©  uniform  rotation ;  bright  scintillations  appeared,  some  in 
the  clond  itaelf  and  some  like  little  flashes  of  light  vertically  between 
the  cloud  and  the  sea  on  which  it  rested.  These  were  clearly  the 
phenomena  described  by  the  eurTiTorfi  of  the  St,  Viucent  eruptioa  ■« 


1^03.] 


on  Recent  Volcanic  Eruptimi. 


"  fire  on  the  sen,"  CKjenrring  in  the  black  cloud  which  overwhelmed 
the  windw&rd  siile  of  tha  isUbd.  We  examteicd  them  carefully,  and 
mm  qtuta  clear  that  they  were  electric  diBcbarges,  The  scintillationi} 
in  the  body  of  the  cloud  became  less  uumeroua  and  more  defined,  and 
grftdnally  took  the  form  of  nvid  flashes  of  forked  ligbtm»g  darting 
from  one  part  of  the  clond  to  another.  When  the  cloud  had  got 
within  perhaps  half  a  mile  or  a  mile  of  n«— for  it  is  difficult  to  esti- 
mate distaDcefl  at  eea  and  in  a  bad  light — we  could  see  small  material 
fifcUin^  out  of  it  in  sheets  and  festoons  into  the  sea,  while  the  onward 
motiozi  eeomed  to  be  chiefly  confined  to  the  upper  part,  which  then 
eune  oTer  our  beads  and  spread  out  in  advance  and  aroand  us,  but 
Iflfl  a  layer  of  clear  air  in  our  inimediato  neighbourhood.  It  wa« 
ablase  aU  the  tinie  with  electric  dischargeB* 

As  soon  as  it  got  overhead,  stones  began  to  fall  on  deck,  some  as 
big  as  a  walnut,  and  wc  were  relieyed  to  find  that  they  had  parted 
with  their  beat  and  were  quite  cold.  Then  came  email  ashes  and 
lioine  little  rain.  The  cloud  was  also  noticed  at  Fort  do  France.  It 
w&B  described  as  Like  those  in  the  preyious  eruptions^  but  was  the 
only  one  in  which  electric  ecintillatiDns  had  been  noticed.  Two 
tin  biassed  observers,  who  had  eeen  it  and  that  of  May,  declared  this 
w«s  the  larger  of  the  two^ 

As  to  the  mechanism  of  the  hot  blast  and  the  source  of  the  power 

niieli  propelled  it,  both  Dr.  Flett  and  I  are  convinced  of  the  inade- 

qntey  of  previous  explanations,  such  as  electricity,  vortices,  or  ex* 

plosions  in  passages  pointing  laterally  and  downwards,  or  eiploiions 

coo£ned  and  directed  duwn  by  the  weight  of  the  air  above.     Such 

MnagaB  into  the  mountain,  which,  to  he  efiective,  would  require  to 

M  elosed  above,  do  not  exist  in  the  case  of  the  Soufridre,  and  we  are 

tot  aware  that  they  have  been  observed  in  Mont  Pelee ,  and  as  to  the 

vti^i  of  the  air,  this  did  not  prevent  the  explosions  in  the  pipe  of 

Iho  Sonlri&re  from  projecting  sand  and  ashes  right  through  the  whole 

iMi^nesB  af  the  trade^winds  until  they  were  caught  by  the  anti-trade 

niirant  above  and  carried  to  EarLados,     Moreo?er,  the  black  cloud, 

i*  we  saw  it  emerge  from  Mont  Pelee,  seemed  to  balance  itself  at  the 

Uip  &f  the  monntain,  etart  slowly  to  descend  and  gather  speed  in  it4 

^90CTe,  icd  the  second  incandescent  discharge  followed  the  same  rule. 
Wfthdkre  that  the  motive  power  for  the  descent  was  gravity,  as  in 
^  QMe  of  any  ordinary  avalanche. 

The  acoeptod  mechanism  of  a  volcanic  eruption  is  that  a  molten 
^tena  Haes  in  the  volcano  chimney.  It  consists  of  fusible  silioates 
•M  other  more  or  less  refractory  minerals,  sometimes  already  partly 
^^'TiUUised,  and  the  wholo  highly  charged  with  water  and  ga^es, 
•liieh  are  kept  in  a  liquid  state  by  the  immense  pressure  to  which 
^^<f  ire  subjected.  When  the  mass  rises  near  the  surface  and  the 
pn»8tirei  is  diminifihad,  the  water  and  gases  expand  into  vapour  and 
'^1q«  ft  certain  portion  of  the  heavier  and  lese  fusible  materials 
^  powder,  or,  short  of  this,  form  pumice  stone,  which  is  really 
■Qlidifiid  froth,  and  they  are  violently  discharged  from  the  crater. 
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Wlien  tLe  greater  pAi-t  of  the  etaam  and  gaeos  La^e  been  discbargcd, 
the  luTa,  still  rjeicg,  gets  vent  ©itUer  over  the  lip  of  the  cr&ter  or 
often  tL rough  a  lateral  iksiire,  and  flowa  <niietly  down  the  side  of  the 
mountain. 

It  ig  qnite  recognised  that  theee  phenomena  may  occar  in  Tanouft 
relatiTe  proportions.  We  believe  that  iti  these  Pelisan  ernptione,  the 
lava  which  rieea  in  the  chimney  is  charged  with  etea^  and  gases, 
ivbit^b  explode  ns  usual,  but  »ome  of  the  ezploeions  happen  to  have 
only  juBt  fiiifficieut  force  to  blow  the  maea  to  atoms  and  lift  the 
gn3ator  part  of  it  over  the  lip  of  the  crater  without  distributing  the 
whole  widely  in  the  air.  The  mixture  of  solid  paftitslus  and  lucan- 
dL-€ceitt  gas  behaves  like  a  heavy  liquid,  and  before  the  solid  particles 
have  time  to  enbaido,  the  whole  rolls  down  the  side  of  the  mountain 
under  the  inHuonce  of  gravity ,  and  conficquently  gathers  spec^  aud 
momentum  aa  it  goes.  The  heavy  Kolid  particles  are  gradually 
deposited,  und  the  renminiug  ateam  and  ga&es,  thus  rulievcd  of  their 
burden,  are  free  to  ascend. 

The  effect  of  avftlaiiches  in  compressing  the  air  before  tbem  and 
Botting  up  a  {lowerful  blasts  the  re&ulta  of  which  extend  beyond  the 
area  covered  by  the  fallen  ujnteriat,  has  long  been  recognised.  A 
group  of  large  trees  was  overthrown  by  the  blast  of  the  great  avn- 
lancbe  from  the  Attels  on  the  Gemmi  pas^  in  1895;  all  lay  prostiate 
in  directious  radiating  away  from  the  place  where  the  aTalanche 
came  dawn« 

tT.A.] 
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Friday,  Jaauary  30,  1903. 

The  Bight  Hoc.  Sir  J  amis  STi&LiMa,  M.A.  LL.D.  F,R.S,, 
Vio&*Presitlentj  in  the  Chair. 

PftOFSsaoR  W.  E.  Dalbt,  M,A.  B.So.  M.  Inat,  C.E. 

Vii>ration  Problejn*  in  Engineering  Science, 

TfsmTiaif  Peobuimb  in  Engineering  ScieQoe  arise  from  the  (^t  thut 
tbe  different  parts  fi>rming  engines  and  machineiy  are  always  cUang- 
iag  their  motion  relatively  to  the  frame,  tho  change  hoing  in  geoeral 
eoDtinaous  and  periodic. 

Tt>  change  the  motion  of  a  body  rerLnires  tlio  action  of  a  force,  and 
It  ii  the  equal  and  oppodte  ai^pects  of  the  acceh^rutin^  furcas  acting 
on  the  moving  parts  of  an  engine  or  machine  which  ro -acting  on  the 
fame  tend  to  set  it  in  motion  and  with  it  the  lo tin dat ions  to  which 
it  it  attached^  In  this  way  Tlbration  in  the  surrouudiugs  may  be 
net  up. 

IJy  fir.st  object  is  to  make  this  principle  clear  to  yon,  partly  hj 
the  aid  of  diagrams,  partly  by  simple  ©iperimonts. 

From  Newton's  Laws  of  Motion  we  know  that: — 

The  natural  mode  of  motion  of  a  body  ia  in  a  straight  line  wich 
uniform  «peed. 

To  change  the  speed  in  the  line  of  motion  roquiroe  the  action  of 
a  force. 

To  turn  the  body  out  of  its  straight  path  and  to  compel  it  to 
move  in  a  curved  puth  requires  the  action  of  a  furco,  although  the 
»peed  in  the  curved  path  may  he  imifoj-m. 

The  word  fi^rca  as  usually  underHtood  does  not  oonvey  the  idea 
that  a  force  acting  one  way  must  necessarily  bo  accompanied  by  an 
eqoal  force  acting  in  the  opposite  way.  Yet  such  is  the  cnse,  A  push 
moat  always  be  accompanied  by  an  equal  and  oppoaito  push,  a  pull 
by  an  equal  and  opposite  pall,  a  twist  by  an  equal  and  opposite  twist. 

A  rery  cursory  examination  of  a  machine  or  ongioe  will  show 
that  none  of  the  parts  arc  moving  in  tho  natural  mode.  None  of 
them  are  passing  over  equal  internals  in  equal  times  in  a  straight 
line.  The  forces  which  must  act  to  proiluce  these  changes  are  ncces- 
aarily  aiMsompanied  by  equal  and  op}»oBito  forces  acting  on  the  frame. 
Tbete  forces  try  to  pull  the  frame  Jirst  in  this  direction  then  in  that, 
tiMj  Itj  10  Iwiat  it  first  in  one  way  then  in  another,  and  the  con  bo- 
^OiBl  Himit  of  the   frame   is   communicated  to  its  supporta  and 
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*T\\\n  may  be  illufitr»^ted  hj  the  following  eimplo  e^erimentsi 

Experimefii  1. — Stretching  a  tyr©  auder  the  teneioo  induoed  by 
rapid  rotation. 

Each  part  of  the  tyre  ia  compelled  to  moTe  in  a  circle.  There- 
fore a  force  tDUst  act  towards  the  centre.  The  equal  and  opposite 
aspect  of  this  foroe  can  only  appear  aa  a  tension  in  the  tyre.  Toa 
notice  as  the  apeed  i$  inereased  hovv  tho  tension  lengthena  the  tyre 
until  it  is  hatiging  quite  loose.  Beducing  the  speed  it  gradually 
contracts  and  finnlly  grips  the  vvheel  tightly, 

Ei:perimeni  2. — A  mass  of  1  lb.  attached  to  a  truly  turned  wheel 
and  rapidly  revoWed  caused  great  vibration. 

The  questioa  now  arises,  How  are  those  forces  to  be  dealt  with  in 
order  to  st<jp  the  vibration?  The  auswer  ia^  Apply  another  mass  to  the 
wheel  in  such  a  way  that  the  force  its  rotation  produces  on  the  frame 
IS  exactly  e^jual  and  opposite  to  the  force  from  the  6rst  mass.  Apply- 
ing such  a  roasfl  you  see  the  wheel  runs  quietly  at  a  much  higher 
speed  than  I  dared  to  run  it  before. 

These  eiperimenta  snfUciently  indicate  the  nature  of  the  problems 
engineers  have  to  deal  with. 

A  model  of  a  locomotive  was  freely  supported  on  rollers  and 
driven,  the  parts  being  entirely  unbalanced.  The  consequent  YibrA- 
tion  indicated  the  nnbalanced  forces. 

Balance  weights  were  then  applied  and  the  model  stood  still  en 
the  rolJers, 

Since  revolving  balance  weights  are  added  the  part  of  the  recip- 
rocating masses  which  they  l^auce  horizontally  appears  as  an  un-^ 
balanced  vertical  force,  but  the  weight  of  the  model  masks  this  force 
entirely.  Kelieving  the  weight  the  force  soon  makes  itself  evident 
by  the  vertical  oscillation  it  produces.  This  vertical  force  appears  as 
a  variation  of  preestire  on  the  rail  in  an  actual  cage,  the  weight  on  the 
wheel  in  ordinary  practice  being  more  than  sufficient  to  mash  the 
force*  The  eitent  to  which  the  pressure  is  varied  is  shown  by 
the  slide  in  the  screen.  The  curves  are  drawn  for  an  actual  caa^  of 
an  express  locomotive  running  at  60  miles  per  hour. 

To  obtain  balance  in  the  longitudinal  direction  and  without  the 
"  hammer  blow,"  as  this  variation  of  veitieal  force  is  called,  Mr.  Webb 
has  arranged  the  cranks  of  his  recent  compound  locomotives  in  the 
way  shown  in  the  model  of  the  engine  on  the  table.  The  model  has 
kindly  been  sent  from  Crewe  by  Mr,  Webb  for  this  occasion.  There 
is  still  a  tendency  to  twist  about  a  vertical  a^is,  but  this  cannot  be 
eliminated  without  setting  the  crank  at  different  angles,  and  the 
arrangement  shown  is  preferred  on  accoont  of  the  mechanical  sim- 
plicity which  results. 

This  four-crank  model  of  a  marine  engine  shows  the  ammgement 
which  must  he  adopted  if  both  unbalanced  force  and  unbulano^  twist 
or  torque  is  to  be  eliminated. 

The  conditions  wbich  must  be  fulfilled  are  \^ 

1.  The  forces  acting  on  the  frame  shall  have  no  resultant. 
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2,  The  ii]omeiitfi  of  tLese  forces  about  any  point  in  the  azie  of 
rotation  eball  have  do  resultant* 

The  model  is  ranning  now  in  a  atate  in  wliioli  neither  ooodltioti 
it  aatisfied,  and  the  conseqaeot  vibration  is  mauifeBt. 

Adding  thifi  mass  I  knoiv,  by  prerioua  calculation,  that  the  two 
conditioDs  are  separately  Batistied.  Bunning  it  now  it  Bee  ma  to  stand 
quite  atill,  altboagh  it  is  supported  on  theae  flexible  springs. 

There  are  few  people  who  have  not  bad  somo  eiperienee  of  steam - 
■hip  vibration.  In  reoent  years  the  Tibration  problem  hat  force^l 
iimif  into  notice  because  of  tbo  inoreaso  in  engine  speeds  and  the 
ralatira  Hghtnesa  of  the  bulla.  The  geueraUj-hoM  belief^  not  so 
many  years  ago,  was  that  the  Tibration  in  ships  waa  produced  entirety 
by  the  propeller.  To  disprove  this  current  notion  Mr.  Yarrow  carried 
out  a  sarioB  of  beautiful  and  costly  experiments  on  a  first-claes  tot^ 
piido-boat.  The  propeller  was  removed  and  tbo  boat  moored  in  still 
wmter,  and  the  engines  were  run  under  different  conditions  of 
balancing.  The  consequent  vibration  diaclosed  itself  by  the  ripplea 
smTonnding  the  hull.  Unbalanced  engines  caused  violent  disturb- 
aooe;  balanced^  the  ripples  were  amootlied  out  in  the  way  you  can 
B«e  from  the  photographs  of  the  two  cases  on  the  screen,  tbe  ilidd 
tar  which  has  been  kindly  lent  by  Mr,  Yarrow.  These  experiments 
|if<iT»i  eonclnsively  that  one  cause  of  steamship  vibration  may  be 
ramoved  by  balancing  the  engines. 

Hitherto  1  have  taoitly  aBsumed  that  the  pistoua  move  with  simple 
bmrnionio  motion.  Really  the  forces  required  for  the  acoeleration  of 
lb«  piatons  are  different  from  those  in  simple  harmonic  motion  bocause 
of  tbo  obliquity  of  tbe  connecting  rod.  Whatever  law  the  force  may 
ibliow,  however^  it  has  one  property^  namely^  that  it  is  continuous 
•lid  periodie,  and  may  thus  be  represented  by  a  Fourier  series.  It 
mtf  he  ahown  that  the  force  on  any  one  piston  is  given  by  an  exprea^ 
sion  of  th«  form— 

P  =  MtoV  {  cos  ^  +  A  cos  3fi  +  B  cos  4^  +  C  cos  6^} 

The  values  of  the  oo-efficienta  have  been  worked  out  by  Mr. 
Maealpine,  and  for  the  case  where  the  rod  is  S^  times  tbe  length 
uf  the  crank,  the  series  becomes — 

F  -  M«rV  {  cos  6  +  0-29  cos  26  -  0-006  cos  4(9  +  0*0002  cos  65  } 

Looking  at  these  terms,  their  value  decressea  ^erj  rapidly  after  the 
seoond.  By  the  methods  1  have  indicated  tbe  first  term  of  the  series 
ti  eliminated  from  all  the  series  belonging  to  tbe  respective  pistons. 
Thi*  it  called  balancing  for  primary  effects,  and  is  conditioned  by 
foYtr  BimnltaneouB  equations. 

To  eliminate  tbo  second  term  four  mor^  equation i  bavo  to  h& 
■Klii^eii,  making  eight  in  all.  Those  equations  are  now  on  the 
mermu,  and  the  next  slide  shows  the  solution. 

This  Folniion,  as  you  will  readily  perceive,  is  not  one  from  which 
a  ptaetioable  fonr*crank  engine  can  be  made.     If  the  last  two  of  tbe 
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eqoationB  are  omitted  a  eolation  of  the  remaining  six  can  be  found, 
and  it  is  snoh  a  solution  which  is  the  basis  of  what  is  known  as 
the  Yanow-Schliok-Tweedj  method  of  balancing  an  engine.  The 
secondary  moments  are  left  unbalanced,  otherwise  the  first  two  terms 
in  the  respeotiye  series  are  eliminated,  and  the  engine  is  said  to  be 
balanced  for  Primary  Forces  and  conples  and  for  Secondary  Forces. 
A  large  nmnber  of  engines  have  been  built  on  this  plan. 

The  steam  turbine  is  of  course  a  balanced  machine,  and  its  run- 
ning causes  no  unbalanced  forces  to  act  on  the  framework. 

A  good  many  marine  engines  have  been  built  with  cranks  at  right 
angles,  and  with  their  reciprocating  masses  approximately  equaL 

This  model  is  arranged  in  that  way,  and  its  running  discloses  at 
once  that  there  is  an  unbalanced  torque  acting  on  the  fram^.  In 
fact  four  cranks  at  right  angles  is  just  the  one  sequence  of  angles  for 
which  it  is  impossible  to  balance  the  reciprocating  parts  of  a  four- 
crank  engine  amongst  themselyes,  even  for  primary  effects. 

[W.  E.  D.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  February  2,  1903. 

Sib  Jamss  Cbiohton-Bbownb,  M.D.  LL.D.  F.R.S.,  Treasurer 
and  Vice- President,  in  the  Chair. 

Dr.  Lonisa  Garrett  Anderson,  M.D.  B.Sc. 
Dr.  Henry  T.  Bottinger, 
Walter  Child,  Esq. 
Mrs.  Alexander  lonides, 
Miss  Edna  Lea-Smith, 

Sir  Frederick  Treves.  Bart.  K.C.V.O.  C.B.  F.R.C.S. 
Walter  Whitehead,  Esq.  F.R.C.S. 
wero  elected  Members  of  the  Royal  Institution. 

The  following  Resolution,  passed  by  the  Managers,  was  read  and 

idoi]    ■ 


.  That  the  ManAgera  of  the  Boyal  Inatitntion  of  Great  Britain  desire 
^nooid  their  senBO  of  the  loss  sustained  by  the  Institution  in  the  decease  of 
V.  James  Wimshnnt,  F.B.8. 

He  became  a  Member  of  the  Royal  Institution  of  Great  Britain  in  1884,  and 
^  elected  a  Visitor  in  1887  and  a  Manager  in  1902.  He  delivered  an  interest- 
>Bg  Friday  Evening  Disoonrae  on  **  Electrical  Influence  Machines  *'  in  1888,  and 
preteoted  a  large  machine  of  his  own  invention  to  the  Institution. 

The  Managers  desire  to  offer  to  the  family  the  expression  of  their  sincere 
ijmpathy  with  them  in  their  bereavement. 

The  Pbkskiits  receiyed  since  the  last  Meeting  were  laid  on  the 
Uble,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

Tt  "*°" 

^  Seerdary  of  State  for  Indian- 

OtoHogical  Survey  of  India— 

The  G.T.  Survey  of  India,  Vol.  XXIX.    4to.    1902. 

^tcademia  dei  Lineei,  Beale,  Soma — Classe  di  Scienze  Fi»irhe,  Matematiche  e 

NaturalL      Atti,    Berie   Quinta:    Bendiconti.      Vol.    XI.    2«    Semestre. 

Fasc  IQ-12.    1902.    Vol.  XII.  1«  Semestre,  Fasc.  1.    1903.    8vo. 

Cltsse  di  Soiense  Morali,  Storiohe,  etc.  Seria  Quinta,  Vol.  XI.  Fasc.  9-10. 

8va    1902. 

"Un*.  Dr,  K  Eon.  Mem.  R.I.  (the  Editor}— OZnYreB  de  J.  0.  Galissard  de  Marig- 

nac,  Tome  IL  1860-87.    4to.     1903. 

^mtriean    Academy   of    Arte   and    Seieneee — Proceedings,   Vol.    XXXVIII., 

^     Kos.1-3.    8va    1902. 

^^ulerdam.  Royal  Academy  o/ fiefencw— Verslag,  Deel  X.    8vo.     1901-2. 

Verhandlungen,  Erste  Sect.  Deel  VIU.  Nos.  1,  2 ;  Tweede  Sect  Deel  VIII. ; 

Deel  IX.  Noa.  1-3.    8vo.    1901-2. 

Jahrboek,  1901.    8vo. 

Ploceedings  of  Section  of  Sciences,  Vol.  IV.    8vo.     1902. 

Cattkg  von  Stermeu,  von  Dr.  N.  M.  Kan.    4to.     1901. 

-^•iaUe  Society^  Boyol— Journal,  Jan.  1903.    8vo. 

"y^neomUial  Society,  iSoytO— Monthly  Notices,  Vol.  LXIIl.  Nos.  1-2    8vo.  19C2. 

'2«<OMo6ae  a«6-- Jonrnal  for  Jan.    4to.    1903. 

*««*»■,  IneUiuU  o/— Journal,  Vol.  XXIII.  Part  9.    8vo.     1902.     Vol.  XXIV. 

No.  1.    8vo.     1903. 
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MM^m,  SiJfal  Aradem^  of  gc»en/w#^Bnlletin,  1901 ;  1902,  9-11.    8to. 

Mim.  Coui.  et  dm  wTftnto  Strung,  Tome  LX.  Fam^  1 ;  Tome  LXl  I,  4to.    1 902. 

M4m.  Com.  et  antiei  Bfim.  Tome  LYI.  and  LXIL  Fasc.  2-3.    8to.     1902. 
Btrlii^  Aoadmtf  q/ 8eimum—mtznug»h^ncliUi,  19LI2,  Koa.  41^3.    8to. 
Somfecw,  GkM«niiii«fil  o/— ProRTesB   Report    of   the   Arehffiologioiil  Surrej  t>f 

Wevtiera  IiidK  1302.     fn). 
J5oj(eon  Pu&lw  I/itrar«— Monthly  Bunetio  for  Dec.  1902.     Htq. 
Botion  Soeitty  of  Medical  SGUtysa — Journal  of  Mttdical  Research  for  Nor.  1902, 

8  TO. 

BfigU^  CharUm^  £*g.— Tjfe  of  Sir  Charles  Tilrton  Bright.    2  Tola.    8fO*    I9n2. 
BrUiih  ArchiiedM^  lUytial  ln»iautii  p/-^ouranl,  Third  Seriea*  Vol.  X.  Not  3-0, 

4to.    \%m. 

Brilufi  Jdrommifal  Agnmalinn—Jonmul,  VoL  XIIL  No.  2,  3.     Svo,     1902. 
BnU>*h  Mtueum  Trmi9e*—BouiheTXi  Croai  CoU«ctioiaa.    8to.     1902, 

Guide  to  the  Coral  Gallery,     8vo.     1902. 

Handlxjok  of  limtrticlioDB  for  Collectors.     8to.     Ift02. 
Suenos  Atfre*,  C*Vt/— Moiilhlv  Bullettii  of  Manicipal  Statmtioa,  Oct.  1902.     4to. 
CaTnf}Tidfje  rhUotophtcal  5oci e/y—ProceedingH.  Vol.  XL  Part  7.     8to.     1902. 

Vol.  XII.  Ptitt  1.     1903.     gm 
Cafia*ia,  Itoijal  SocieUj  o/— PnweediDgis  8erie«  II^  Vol.  Til.     8fo.     190L 
Canadian  irt*tiif?*(e— Proceed! in jtra,  Hevf  S^riea,  VuL  II.  Part  5.     8to.     1902. 

Trannactione,  Vol.  VII.  Part  "2.     8vo      1902. 
Chemieal   InduMinj,  Sometjf  o/— JuuroaU  Vol.  XXI.  Noa.  22-24;  Vol.  XXIL 

Nofl.  1,  2,    8vo.     1902. 
Chmiieal  Soei^tj—^onm&l  for  Jan.-Feb.  1903.     8to, 

Proceedings,  VijI.  XVII  I.  Noa,  257-259.    8vo.    1902. 
Chire\  Priif.  F.  M.R.L—B^1tnfk\  Treatmont  of  Crude  Sewage.    Fourth  Eeport 

to  lioodon  County  Council  on,    4 to.     1902; 
ComMxiU  Poljftedtnic  SctcMif,  Royal — Sixty-nioth  Antmal  Eeport.     8vo.     1901. 
Crafome^  f  Academic  det  Sdfueew — Bullatins,  Clasae  dm  Sciences  Math^matiquet 
Qt  N A tu  relies,  1992,  Noa.  8-10.     gvo. 

Claaae  de  PhUolo^e,  1902,  Nos,  g-10,     Bvo. 
Dnonahirt  AMtoeuMxm—BewiTtB  and  Tmnaa^^tion^,  Vol.  XXXIV.    8to.     1902, 

OiileDdar  of  DevoQihire  Wills,  Part  I V.     8^0.     1 902 . 
Dexoar,  Prof.  M.A.  F.lLB,  if  J?  /.— CEiirree  de  J.  C.  Galiflaanl  de  &fartgiia«, 

Tome  n.  1860^87.    4to.     1903. 
Bditott — Aeronautical  Journal  for  Deo,  1902  and  Jan.  1903.     8to, 

Ameriean  Journal  of  Science  for  Jan.  190S.     8vo, 

AalrophjBical  Journal  for  NoT.-Dec.  1902, 

Atbennum  for  D&o.  19l>2  and  Jan.  19l>3.    4to* 

Author  for  Dtio,  1902  and  Jan.  1903.     8fo, 

BoHTd  of  Trnile  Journal  for  Deo,  1902  and  Jan.  1903.     8to. 

Brewera'  Journal  for  Dec.  1902  and  Jan.  1903.    8to» 

Ohemioal  Newi  for  Dec.  1902  and  J&d.  1903.    4to. 

Olifimiflt  find  Dru^^^t  for  Deo.  1902  and  Jan.  1903.    Sro^ 

Electrical  Engineer  for  Deo.  1902  and  Jan.  1903.     fol, 

Sleotrical  Eerie w  for  Dec.  1902  and  Jan.  1903.    4to. 

Electrical  Times  for  Deo.  19ft2  and  Jan.  1903.     4U». 

Eloctrioity  for  Deo.  1902  and  Jan.  1903.     Svo. 

Eugineer  for  Dec.  1902  an.i  Jan,  1903.     fol, 

Eogin Bering  for  Doo.  1902  and  Jan.  1903,     foL 

Feilden'a  Magnzino  for  Doc.  1902.     8^0^ 

HotnODtipathio  Kevicw  for  Dec.  1902,     8vo. 

Hofological  Jotirna!  for  Jan,-F«b.  1903.     8?0. 

iDvention  foi  Dec,  1902  and  Jan,  190<J.    foL 

Iruumaui^or  Jor  Jiin.  190;i.     Svd, 

Journal  of  the  Briti^ih  D&ntal  Asfloclation  far  Dec.  1902.    Svo. 

Journal  of  State  Mcdieino  for  Dec.  1902  and  Jan.  1903.     Svo, 

Law  Joamal  for  Dec^  1902  anil  Jan.  1903,    8yo, 
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London  TflobaicA]  Ednoition  Gmxette  Tor  No^.-Deo.  1902.    foL 

Madiinery  M&rkel  for  Deo.  1902  &ud  Jan.  1903.     Svo, 

Model  En^eer  fcxr  Doo.  190ft  and  J&d,  1903.    8\ro, 

Mdu  Beientifiqne  for  Deo.  190S.    8ti>. 

Molor  Or  Jounul  for  Ika.  1902  and  Jim.  1903.    Bjq, 

Hofiical  Time*  for  Jan  1903.    8vo, 

Nftttire  for  Dec.  1902  and  Jan.  1903.    4to. 

K«w  Chnich  Magazine  for  Dee.  1902  and  Jaa  1903.    8vo^ 

Nwaro  Cimeato  for  No7,-Dm.  1902.    ©to. 

Pa^'a  Magaame  for  Dec.  1902.     8to. 

FliarmAeeuticftt  Journal  for  Dec.  1902  and  Jan.  1903.     Sro. 

Pbotogimphio  N«in  for  Dea  1902  and  Jan.  19Q;i.    8ro. 

Phjaioal  Beriew  for  Dea  1902  und  Jan.  1903.    8?o. 

Popular  Aatrtmomj  for  Jau.  1903.    Evo. 

Pnblii}  Health  Eagineer  for  Dec,  1902  and  Jan.  1903.    Sim. 

6d«u»  AbstracU  for  Dec.  1902.    $va 

Tiaivl  for  Dao.  1902.     8  to. 

Zoopldljiit  for  Dae  1902.    4to. 
Fwanmn  Jnrijiiaa— Journal  VoJ.  CLIV,  No.  G;  Vol  OLV.  No.  1.    8to.    1902'3, 
OaograpAJdol  Soatiff  Boiftd — G^^raphit^L  Journal  for  Doc,  1902  and  Jan.  1903. 

Gmhvieal  Sbeu^— Quarterly  Journal,  Vol.  LVllL  Part  4.    Sto.    1902. 

Alwtnot  of  Froeeedtn^^  li>eBHio[i  1902-3,  No.  770. 
Hipkimg,  A,  J.  E$q,  {the  iui^r)— DorLtiu  and  Pbrygian.    Sro.     1902. 
Mtifumt  LoiAiAOf  Eiq.  (th*  Aulhor) — Un  Soul  Ciiatnpiguon  but  lo  Globe.     8 to. 

1902. 
/«Nrial  Jn^Uufe — Tmperial  luatitiite  Journal  for  Dec>  1902. 
ImtmdSUel  Insiitut« -^oumnl  Vol,  LXIl.  No.  IL     8to.     1902, 
JakmE&pkin*UnieertUif—Citm\iiTi,Siy.\m.    4to.     1902. 

Ain«ricAn  Jyumni  of  PLilnlo-j-,  Vol.  XXIII,  No.  3.  8to,  imt, 
Lift'Boat  IfiHitutiofi,  Rmjal  National — Jomual  for  Feb,  I9f>3.  8 To, 
Lnobeam  Sbelely-^ournal,  Buiany,  Vol.  2L2LX YI.  No.  249 ;  Zoology,  Vol.  XXTtlf. 

No.  185.    8vo.     1903. 
Uvfrponi  IJUrarj  and  Phil^m>phi(Hil  Society — Proceed io pa.  Ho.  56,    8tOh     1902. 
Manchester  Literary  ami  PhiUmiphical  jSociiiy— Proceodiaga,  Vol  XL VII.  Parti 

1,  2.     Sto.     1902. 
MtAanieol  Emine^t^  InxUtutifm  o^— Prooeedlng*,  lfN)2,  No.  3,    8Trt, 
Mmtbngghe^  Prof,  Q,  mn  dtr^  M.k.L  {tht  A^hory-VnQ  Tripk  Allianoe  Natu- 

reUtf,  2*  P^crtie.    Sto.     IWt, 
MtAtorotoqical  Bodd-y^  Royal — Meteorological  Record,  Vol,  XXI*  No.  86.    Sto. 

1902. 
Metmpt^lan  AffflumM  .Soar/7— Annnal  Report,  1901.    2  toIs.    8tOi     1902. 
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SiB  Jambs  CuTeiTTosr-BROwNE,  M.D.  LL.1>.  F.R,S*,  Treaetirep 
and  Vice-Fresideut,  io  the  Chair. 

Tbe  Eight  Hon.  Sts  Hisrbbiit  Maxwsll^  Bart,  M.P, 
LL.D.  F.K.S*  FS.A. 

George  Udmney  and  hU   Works* 

I  SAtB  undertaken  to  speak  to  you  to-night  about  one  who  rosa 
£rofii  exceedingly  humble  circiimstaijcos  to  tlie  first  rank  nf  British 
pftioteri,  and  to  ehnw  bow  bo  eQcoiantered  and  overcame  diflScultiea 
«bicb  atm*mt  invariably  bar  the  road  agftluKt  persong  much  more 

In  the  mid  lie  of  the  eigldeetitli  century  there  liTod  in  the  littlo 
Cirro  of  Bockfiide,  close  to  L>ahi*u-in-Furnesfl,  a  carpenter,  cabin«it- 
miiker,  and  enUiraior  in  a  smaU  wiiy,  Dfvmcd  John  Roumey.  Ther^  is 
stiU  in  ibat  Tillage  a  citrpenter  of  the  narao  of  Komnej",  grandson  or 
grettt^grandion  of  a  couaiu  of  the  original  fiimily  at  Bcckstde. 
Fftniiiy  names  always  faa?e  a  meaning,  if  wo  can  read  it ;  and  at  first 
it  seeoaed  to  me  that,  like  many  otber?,  this  family  mnet  have  taken 
titair  n*me  from  some  place*  But,  although  thero  ib  Rotntiey  in 
Keol  and  Rbymoey  in  ^outh  Wales,  tliero  is  no  jdace  of  that  name 
io  the  north  of  England  ^  and  I  am  informed  by  one  who  bcara  the 
wtntfcinft  that  he  bcilioves  il  to  be  neither  Ih&b  nor  mtire  than  Romany, 
a  gipsy.  You  may  remetnber  that  it  waa  in  the  Border  country  that 
the  gipsies,  or  Egyptians  as  they  were  termed  in  the  old  penal  lawa 
of  both  England  and  Scotland,  mnetered  most  Btrongly  of  yore, 
finding  it  eipedicnt  to  be  able  to  slip  across  the  morehes  into  on6 
dominion  when  the  warders  and  magiatratee  of  the  other  showed 
diligence  in  enforcing  the  statuttss  a^raintt  vagrants.  Both  in  Scotland 
and  England  many  gipsies  abandoned  their  wandering  habits  and 
settled  down  as  indnstrions  members  of  the  community.  If  that  be 
the  origin  of  the  family  of  Bomney  or  Romany,  then  we  may  bo 
inelined  Io  trace  floioe  of  the  unrest  of  George  Rom ney^e  life  to  the 
wvideriDg  inatinct  in  his  ancestors. 

Th#  carpenter  of  Dalton  was  known  among  hia  neighbours  as 
**  Honest  John,"  and  was  a  man  of  some  capacity  in  his  craft,  being 
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credited  with  haYiDg  turned  oot  the  first  cart  with  epoked  wbeeU  in 
FumeaB,  Before  his  day,  all  tbo  carts  had  solid  or  "  clog  **  wheels. 
Bat  he  was  a  bad  book-keeper,  negligent  in  coll&cting  his  dtjhts^  ^nd 
remained  a  poor  man  all  his  da^s.  His  wife  waa  Anne  Simpson, 
daughter  of  a  Cumbei'land  statesman  owDiug  Sladebank.  She  bore 
^im  eleyeii  children,  whereof  the  second  was  boro  15th  (26th) 
I>eC6mber^  1734,  and  waa  named  George.  This  lad  was  sent  to 
school  very  young  at  Dendron,  where  the  Rev.  Mr.  Pell  ta right  him  the 
Jj « man i ties  for  tbe  modeat  fee  of  5b.  a  quarter,  and  one,  Gardner, 
boarded  Kim  at  tbe  rate  of  4^.  10«.  a  year.  George  was  not  a  pro- 
miaing  eeholaif  and  at  ten  years  old  his  father  took  him  from  school 
and  employed  him  in  the  carpenter*s  ehop. 

Now  '^  Honest  John,"  besides  being  a  cabinet^mftker  and  farmer, 
was  also  a  bit  of  an  architect.  Therefore  drawing  materials  were 
always  to  be  found  in  his  sbop»  and  George  soon  showed  a  natural 
turn  for  using  Ihem. 

One  of  the  workman  in  the  Fbop,  Sam  Knight  by  name,  used  to 
lake  in  an  iUiistrated  magBzine,  which  be  lent  to  George,  who 
diligently  copied  the  engravings  in  the  snme. 

Bet  this  stupid  schoolboy  posseseed  another  latent  gift,  which, 
one  of  his  neighbours,  a  watchmaker  named  WilliamB,  being  an 
enthusiast  in  music,  helped  him  to  develop*  For  several  years  it 
seemed  doubtful  of  which  muse  young  George  Romney  was  most 
inclined  to  become  the  disoiplo — ^the  muse  of  ]Miinting  or  the  muse 
of  harmony.  Only  one  thing  seemed  ccrtaio,  that  he  would  never  be 
anything  but  a  bad  carpeuteri  This  became  quite  clear  when,  about 
the  age  of  eighteen,  he  took  employment  under  another  cabinet- 
maker, Wright  of  Lancaster,  Wright  gave  the  lad  a  fair  trial^  and 
then  informed  his  father  that  he  could  make  nothing  of  him  ;  that 
the  only  thing  he  did  well  was  sketch  portraits  of  his  fellow  work- 
men. He  recommended  John  Eomney  to  apprentice  bis  son  to  an 
artist. 

Here  then  was  George,  on  the  threshold  of  manhood,  bavin c^ 
failed  as  a  scholar  and  failed  in  the  calling  he  had  adopted^ — what 
chance  was  there  that  he  should  ever  be  heard  of  again  ?  Not  much, 
you  will  admit  N evert helees^  when  opportunity  presented  itself, 
George  did  not  miss  it. 

Opportunity  came  to  him  in  tbe  guise  of  an  eceantrio  character 
named  Christopher  tSteele,  an  itinerant  portrait  painter,  who  happened 
to  be  working  in  Kemlal  when  George  Eomuey  was  twenty  yearg  old. 
Steele  had  been  taught  painting  in  Paris  by  Carlo  Vanloo,  and 
having  acquired  at  tlie  same  time  some  of  the  manners  of  a  third-rate 
French  fop,  was  known  in  the  neighbourhood  as  the  Count*  To  this 
worthy  George  was  entered  as  apprentice  in  March  1755. 

J^ow  Count  Steele  was  a  flighty,  ina provident  fellow,  moving  from 
town  to  town  to  avoid  his  creditors.  Nevertheless,  he  imparted  some 
BQUud  principles  of  the  preiiaration  and  use  of  colour,  which  stood 
Bomney  in  good  stead  thi  oughout  bis  life.     Paints  m  those  days 
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were  nol  sold  in  patent  collnpflible  tubes  aa  we  ba^e  tham  now ; 
artists  employed  tbeir  ftpprenticoB  to  grmd  and  mix  them  for  their 
dAilj  use, 

The  Comit  also  found  less  legitimate  employtnent  for  liis  approu- 
tioe,  A  young  lady,  who  faappoued  to  be  taking  drawing  lesBong 
ffom  hltn,  poflseaaed  a  small  fortune,  which  exercised  a  powerful 
charm  upon  the  impecimious  County  who  paid  his  addresses  secrctlj 
lo  ber^  apd  employed  George  as  a  go-between.  Finally,  he  persuaded 
the  heiress  to  elope  with  him  to  Gretna  Green ;  and  Georgo,  thus 
bft  in  the  lurch,  presently  fell  into  a  fever.  His  landlady  was  a 
widow  of  Tcry  humble  metms,  one  Mrs.  Abbot,  whose  daughter  Mary 
mtiMsd  the  young  fellow  through  his  illness,  who  out  of  gratitude 
ga^e  her  his  heart.  During  his  couTalescence  they  became  betrothed 
— the  Erst  step  in  the  long  tragedy  of  their  Uyes. 

Next  came  a  summons  from  the  Count  to  his  apprentice  bidding 
him  join  him  at  York,  where  he  had  set  up  his  studio.  Georgo  would 
Dot  leave  without  fulfilling  his  plighted  trotht  and  on  14th  October, 
1756»  being  of  the  mature  age  of  one-and-twenty,  he  married  Mary 
Abbot  and  hurried  oflFto  resume  his  dutiea  with  Steele*  leaving  his  bride 
in  EeodaL  Of  course  he  had,  as  yet,  no  means  of  keeping  a  wife  ;  on 
the  ooatraiy,  while  working  in  York,  Mary  used  to  scud  him  from 
time  to  time  half-a-guinea  hidden  in  the  seal  of  a  letter.  Still  he 
wurked  both  ardently  and  steadily,  so  that  when  the  Count  decamped 
hartiedly  from  York,  in  1757,  and  the  apprenticeship  was  prematurely 
bibkdDt  Homney  on  returning  to  Kendal  was  able  to  earn  something 
mi  Ids  own  account.  Kind  and  helpful  encouragement  came  from 
oonntry  gentlemen  in  the  neigh  bo  urbood,  and  portraits  painted  by 
Homney  at  tbis  period  may  still  be  seen  in  their  houses  and  in  the 
Town  fiall  of  Kendal.  Of  course,  you  will  not  expect  to  behold 
hi  these  juTenile  works  much  of  that  ease  and  grace  which  are 
apparently  diKtinguishod  in  his  later  ones.  They  are  more  like 
the  handiwork  of  Hogarth  thau  the  painter  we  know  as  George 
Bomney. 

in  Kendal,  George  Eomney  remained  working  steadily  for  five 
jimxn.  Steadily,  but  not  hopefully.  Ho  was  oight-and-twenty  by 
ibis  time,  and,  although  conscious  of  the  scope  of  his  natural  powers, 
the  Teiy  insight  which  he  bad  obtained  into  the  reriuirements  of  bis 
art  showed  him  that  those  powers  could  not  be  brotight  to  perfection 
without  wider  acquaintance  with  the  work  of  other  painters. 

To  raise  funds  for  bis  journey  to  London,  in  1762t  the  young 
|«iliter  disposed  of  the  pictures  he  had  by  him,  about  twenty  in  all, 
by  lottery.  This  brought  in  about  1001.,  half  of  which  he  left  with 
bis  wife,  the  other  half  ho  took  with  him,  riding  on  horseback  to 
Xyondoii*  Arriving  there  on  the  eighth  day  after  hiH  departure,  h© 
wm»  kindly  treated  by  his  old  schoolfellow,  Thomas  Greene,  who  was 
in  gO€Ml  pmctice  as  an  attorney  of  Gray's  Inn,  aud  by  another  old 
Westmerlaad  friend,  Daniel  Braithwaite  vf  the  Post  Ofiloe.  Mr. 
Fcnaington  of  Muncastor  alijo  was  of  eefvice  to  him»  and  Bomnoy 
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soon  had  »  few  sitters,  for  there  wer«  no  photographers  in  those  dajB 
to  gratify  the  pardonable  cnrioKitj  which  eTerybcJdy  feels  ab^nt  hie 
own  appearance*  Thus  Romney  wa*  able  to  keep  the  wolf  from 
his  own  door#  to  send  home,  we  timy  suppose,  money  to  his  wife, 
and  also,  as  we  know,  to  help  three  of  his  brothbrs  who  wero  in 

Romney  spent  six  happy  und  fraitful  wetka  in  Paris  dnriiig 
1764.  In  17G7  he  pnid  a  flying  visit  to  his  wife  j  returning  to  Lun^lon, 
found  plenty  of  work  to  do,  and  continued  to  exhibit  in  the  Free 
Society  of  Artists.  The  Royal  Ac&demy  was  founded  libout  this 
time,  but  injudicious  friends  peraua^led  Romney  that  Joshua  Rey- 
nold b,  its  first  President,  was  prejudiced  a^aiDst  him.  Eomney'e 
■nsfdcione  were  e?er  on  the  alert :  he  refrmed  all  invilHtions  to  send 
pic  tuns  to  Somerset  Ho  nee,  and  so  it  catiio  to  pass,  that  no  work 
of  his  was  eshibited  on  the  wnlla  of  the  Royal  Academy  nntU  1871, 
sisty-uine  y&ars  after  his  death. 

RotTiney'a  most  proilnctive  jieriod  was  from  1776-87.  His  studio 
was  besieged  by  distiiiguibhtd  and  fashionable  sitiers,  anl  even  from 
the  Ti>od<:rato  fees  he  charged  he  nover  earned  k-as  than  at  the  rate  of 
8000/.  a  yenn 

The  |ieriod  of  his  decline  dates  from  17£}1.  About  that  time  he 
began  to  weary  of  what  he  called  the  drudgery  of  portrait  painting, 
and  gave  up  bis  days  to  working  on  hi^ttlrical  and  Shakespearian 
subjects.  His  irrit^ibility  anil  suspicious  habits  increased  to  »n  alarm- 
ing extent;  he  nursed  mighty  projects  of  a  painting  gallery,  which 
he  carried  out  at  an  imprudent  expense  in  a  nevr  building  at 
Hatnpstead  in  1796. 

Eonjney  died  at  Kendal  OB  16th  November,  1802* 

1  cannot  close  this  brief  skttch  of  your  distiuguisbed  countryman 
without  allusion  to  one  feature  in  his  life-work  v\hicb  I  believe  to 
be  without  parallel.  It  has  ofttn  happened  that  pietuns  which 
could  not  find  a  purchaser  during  the  paiuter*s  life,  have  risen  to 
almost  fiibuloug  vnlue  when  he  was  no  more.  To  mention  only  one 
example.  The  French  peoaant-pa inter,  Jcon  PraucoiB  Millet,  died  in 
poverty  in  1875,  after  failing  to  obtain  80/.  for  his  Angeltts^  which 
hud  b^en  painted  sixteen  years  be  fore.  Fourteen  years  after  his  death 
that  picture  was  bought  by  the  French  nation  for  60,0()0i, 

Again,  there  are  plenty  of  cases  in  which  a  painter  has  been 
popular  with  the  public  during  his  life,  but  has  fallen  out  of  all 
esteem  after  his  death.  What  is  remarkable^ — unique — in  Romney's 
case  is  this,  that  his  painting  enjoyed  an  enormous  vogue  during  hia 
active  life,  fell  into  utter  neglect  after  his  death,  and  of  late  yeaj^ 
has  found  feverish  favour  again  with  collectors. 

[H,  M.] 
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I>oir4L&  W.  0.  Hood,  C.V.O.  M.D,  F.R.C.P.,  Vioe-Proiidoot, 

in  the  OKair. 

pBOPKaSOB   SBEaiDAH    Dkli^pinEj   M.B.    B.SOt 
CivilUaiiim  and  Hmllk  Dangers  in  Foad. 


Mi4fv,  *i>i  %a  lUivw  10  kSPVf  tf  1m»  would  wbb  lo  perfomL  bl*  iiutje««  wbil  Dua 
Mlaftl«tl<»lotteartldM«rft)oduddclDk.'''£f<l^fial«,Mo  ■.& 

OtfMl^iiii^  a*  a  Duturbing  Slemsnt  ef  fftaltk  Fncton  and 
of  Naturtil  Evoluiion, 

WS4T  WM  said  of  the  dtities  of  the  medical  man,  otgt  two  thou  sad  d 
jman  ago,  may  now  be  coniiderod  to  bo  Applioabie  to  thoae  of  the 
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Oae  of  the  e^cta  of  eivilisiitioti  han  been  the  gradiml  abatidoument 
of  raral  life  by  &  Wge  numbef  of  individuak  and  tbtiir  aggregatiou 
in  cities. 

With  thifl  Bbifting  of  population  bare  b^en  aseootated  new  oondi- 
tumn  of  life.  These  new  conditiona  do  not  mem  to  have  beeu 
ftitogether  favomtable  to  the  oYoIation  of  onr  race;  at  fmy  rate 
«latl«tic8  of  mortality  from  diaeaso  seem  to  point  clearly  to  the  faet 
that  mortality  ia  greater  in  populous  centres  than  in  thinly  popnlftt©<l 
rural  districts  placed  under  similar  climatic  and  hygienic  conditions. 

As  we  create  for  our^elvefi  new  conditions  of  life,  we  must  at  the 
itaM  time  consider  carefully  not  only  the  heneits  bnt  also  th^ 
dangeTa  aaaooiated  with  these  changes.  Modern  life  is  gradually 
increasing  tiie  distatioe  between  as  and  nature. 

It  is  obviously  ncceeeajy  that  wo  should  keep  a  careful  watch 
cpon  the  artificial  modification  of  natural  factors  which  wo  introduce 
in  our  esiatence,  so  04  to  elitnkiato  tboac  which  are  detrimental  beforu 
tlto  taoo  a«  a  whole  has  sulferod  deterioration. 

QualHy  0/  Food  a  Maiter  0/  NtUimai  Importatme. 

Food  has  often  to  travel  over  great  distances,  or  to  be  stored  up 
lor  a  oonaiderable  time,  before  it  is  consuined.  Various  methods  uf 
nraacrTatioii,  some  distinctly  harmful.  Lave  therefore  been  devised. 
Many  natural  products  are  ctmsiderably  altered  by  artificial  processea, 
which  deprive  thuni  of  suine  of  tbeir  normal  qualities ;  some  actiolaa  of 
food  are  entirely  manufactared  by  chemical  processes. 
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AH  these  UiingB  are  often  carried  out  by  persons  wlio  bave  no 
clear  conception  of  the  dangere  associated  with  the  us©  of  oertain 
flubstaucep,  and  who  look  upon  tbe  preparation  of  articles  of  food 

eimplj  as  a  commercial  matter. 

Afiificiai  Productiim  of  Food  SiuffB.    Arf^nieat  Ccndaminaiion  of  B^ar 
a§  the   result  nf  the  me  of  a  ManufacfuT^d  Sttgnr. 

It  is  to  this  kind  of  ignoranoe  that  the  severe  outbreak  of 
arsenical  poisoniDg,  which  afflicted  the  northern  ootinttes  mostly,  at 
the  end  of  the  year  1900  was  due. 

A  certain  manufacturer  of  browing  sugars  did  not  take  sufficient 
care  to  ascertaiD  the  quaLLtj  of  the  ingredients  used  in  the  maDufactnre 
of  his  sugars ;  in  his  ignorance  he  used  large  quantities  of  very  impure 
oil  of  vitriol,  perfectly  unfit  for  the  preparation  of  nn  article  of  food. 
The  manufacturer  of  snlphur ic  acid  also  oommitted  the  indiBcretion 
of  sending,  without  sufficient  warning,  to  the  glucose  manufacturer  a 
very  impure  sulphuric  acid  instead  of  tlie  purer  article  that  he  bad 
usually  supplied*  Now  this  impure  sulphuric  acid  contained  a  large 
amonnt  of  arsenic,  a  fact  which  he  knew,  and  that  the  gluoose 
mannfaoturer  she  aid  have  known,  and  yet  neither  the  one  nor  the 
other  suspected  that  their  carolcBsness  was  endangering  thousands  of 
lives.  The  brewers  who  used  the  sugars  should  have  known  that 
glucose  was  liable  to  contain  arsenic  owing  to  tbe  use  of  sulphuric 
acid  in  its  preparation,  and  yet  it  did  not  occur  to  them  that  such  a 
possibility  invited  careful  supervision  on  their  part. 

As  a  result  of  this  ignorance  many  hundred  people  were  rendered 
very  ill,  and  not  a  fovr  died. 

Here  we  have  a  good  example  of  the  need  of  more  knowledge 
of  the  effeeta  which  may  result  from  the  use  of  artificial  methods  in     _ 
the  preparation  of  food  stuffs*  ■ 

It  seems  to  me  that,  under  a  state  of  things  which  involves  such     ■ 
risks,  the  State  may  well  exact  a  certain  amount  of  knowledge  on  iho 
part  of  persons  who  undertake  the  manufacture  of  products  which  may 
become  such  a  source  of  danger t 

Arttiti'c  m  Fuel     Contamination  of  Matt,  and  cf  ih€  Air  of  Toteng. 

The  same  inquiry  led  to  other  observation b,  which  also  show  one 
of  the  gradual  changes  which  are  taking  place  in  our  environment. 
The  search  for  arsenic  in  beer  revealed  the  fact  that  much  of  the  malt 
prepared  in  the  northern  counties  of  England,  and  also  elsewberef 
oontaincd  a  fairly  large  amount  of  arsenic,  and  that  this  arsenio  was 
mostly  derived  from  the  fumes  of  the  impure  coke  and  coal  burnt  in 
kilns  wLere  malt  is  heated  and  dried.  The  large  amount  of  arsenic  pre- 
sent in  certain  samples  of  malt,  led  me  to  estimate  the  amount  of  arsenio 
which  accumulated  in  tbe  flues  of  certain  chimneys  where  Yorkshire 
coal  was  burnt,  and  of  stoves  where  gas  coke  was  consumed,  I  found 
in  a  sample  of  coal  soot  over  5  grain  s,  and  in  a  sample  gf  cokft  aoot 
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about  28  gr&tus,  of  afseai^  per  pound.  It  was  nataral  to  expect  ttmt 
SDcb  AH  atnotiiit  of  m-senic  iii  soot  woul^i  lend  to  a  dbtiuct  contominfr* 
timi  of  tliG  attiiofipbere  of  a  towu  such  as  Mancbestor,  where  soot 
ftbotttidfl:.  TLis^  earljr  iQ  19Q1,  X  found  to  be  actualij^  tlie  case  in 
M&ikchester,furIdiBOOTered  that  dust  deposited  from  tbe  atmosphere  in 
iababiiied  roonii,  in  tminbabitcd  lofts,  upon  tbe  leaves  of  tnaes  and 
shrubii;,  oonUined  very  material  amoimte  of  arsenic. 

ihiring  the  month  of  March  1903  there  wne  a  heavy  fall  of  stjow 
in  Maoch^tcr^this  was  immediately  followed  by  a  heavy  fog  lasting  one 
day.  Tie  snow,  which  was  perfectly  white  before,  wag  grey  after  the 
oocQirenoe  of  the  fog.  I  collected  the  superficial  snow  over  a  surface 
meaanring  ex&ctly  one  meter  square,  and,  from  the  quantity  found  in  a 
sample  of  the  enow  water,  calculated  that  during  a  single  day  about 
0*0000132  grammes  of  arsenic  bad  been  deposited  on  the  amall  patch 
of  snow  under  inveitigation.  What  may  he  the  effect  of  the  continuftl 
breathing  of  air  containing  frequently  a  distinct  trace  of  arsenic  ?  I 
cannot  «iy,  but  the  fact  remains  that  the  existeuce  of  large  cities  is 
aisoeiated  with  the  contamination  of  the  air  with  many  products  of 
wIuGh  I  have  indieated  only  one*  To  eatigfy  myself  that  this  infor- 
finee  was  correct  I  collected,  under  conditions  similar  to  those  I  had 
tthtarted  in  Manchester,  samples  of  dust  in  one  of  the  London  suburbs. 
In  Uie  small  town  of  Montreux  in  Switzerland^  and  in  the  open 
conntry  near  AmhlcEide ;  and  found  that  the  London  suburban  dust 
contained  a  material  amount  of  ai^nic,  though  less  tban  the  dust 
eolkcted  la  the  centre  of  Mancbcsten  On  the  other  hand,  the  dust 
eoll0cted  In  the  Lake  district  and  in  Switzerland  eoutained  either  no 
arsenic  or  an  inappreciable  trace  of  the  poison. 

I  do  not  wish  to  lobour  the  argument,  nor  to  suggest  that  the  pre* 
mmom  <^f  ft  email  ajuount  of  arson io  in  the  air  of  a  to\¥n  is  certainly  a 
Kratee  of  danger.  I  wish  rather  to  indicate  the  ineidiou^tness  than 
file  potency  of  dangers  associated  with  the  gradual  modification  of  our 
miToiurdings* 

I I  might  appear  that  air  is  not  a  food  and  should  not  be  introduced 
into  tliis  discourse,  hut  I  contend  that  air  and  water  are  as  much  foods 
u  beef  and  mutton,  for  without  oxygen  and  water  metabolism  is 
impowible. 


Ditpo§at  (ff  Bewa^.     PoUation  of  Water  and  &/  SheU-FUh. 
Ifaa  in  his  nomadic  state  was  not  troubled  with  the  question  of 


H      Haa 

^HliVMe  disposal,  for  then  he  bsd  a  movable  home.  Now  that  large 
porpiuatioDa  have  become  fixed  over  Limited  areas,  the  dispo^l  of 
mmm^  hm  become  a  problem  of  such  difficulty  and  magnitude, 
thai  it  taiei  to  the  utmost  the  ability  of  engineers,  of  municipal 
anihorities,  and  ef  en  of  state  departments,  without  speaking  of  Eoyal 
OoeaaaamouB. 

Certftiu  citiea  are  bo  situated  that  their  sewage  has  to  be  thrown  into 
IIm  mm.     Wherever  a  large  number  of  individuali  are  congregated, 
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certum  txtfeetions  difeasea  incli  &s  typhoid  feTSr  are  liable  to  occur, 
ftod  thffi  le«ds  to  a  more  or  legs  eitensive  infcctioQ  of  tbe  sewnga,  and 
of  the  tklal  waters  into  wliicb  the  sewago  is  discharfred. 

The  tragic  eYcnts  wliicb  have  lat^lj  followed  tbe  Mayoral  bauqnets 
at  Wiiicliester  and  Port«moutb  bave  roiigbly  shaken  tbe  public 
indoleQCe^  and  tbe  moral  of  facts  whicb  gcientific  people  bad  pointed 
out  for  many  yeare  bas  at  last  been  nnderstood. 

Dr.  n.  Timbrel]  BulstrodO}  in  bis  able  Beport  on  Oyster  Cmltnrd 
in  Relation  to  Disease,  wbich  appeared  in  1896  *  bad  eleai-ly  stated 
'^  tbat  tbere  afo  cases  wbere  the  risk  of  sewage  pollution  to  oysters  it 
so  gteat  and  so  considerable,  that  nothing  short  of  corapleto  diversion 
of  the  eewers  or  drains,  or  withdrawal  of  existing  fattening  beds  or 
ponds  from  use,  ^n  be  regarded  as  eatisfactory  in  the  pnblio 
interest/' 

Tbe  Ems  worth  storage  ponds  belonged  obviously  to  the  category 
of  dangerons  ponds,  aa  shown  by  Dr.  Bulstrode's  report  and  by  the 
map  aocompanying  it.  The  OTidence  of  pollutioti  was  so  great  that 
tbe  late  Sir  H,  Tbome  Thorno  mentioned  Ems  worth  specifically  aa  an 
example  of  much  polluted  pita.  But  for  six  years  nothing  seemfl  to 
have  been  dooe  to  remove  the  danger,  and  it  was  necessary  that 
several  valuable  lives  should  be  lost  to  cause  an  action  to  be  taken, 
an  action  for  whicb  the  Fishmongers'  Company  is  to  bo  praised,  pro^ 
Tided  that  it  does  not  stop  short  of  a  general  exclusion  irom  our 
markets  of  all  the  polluted  oystere. 

The  general  condition  of  things  is  wall  indicated  by  tbe  following 
statement,  appearing  also  in  tbe  report  already  alluded  to:  *^  A 
superficial  glance  at  the  maps  with  which  Dr.  Bulstrode's  report  is 
iUufitrated,  might  lead  to  the  baaty  concluaion  that  sewage  is  deemed 
to  be  of  value—if  indeed  it  is  not  actually  eought  for — in  connection 
with  the  process  of  oyeter-fattening  and  storage. t 

Manufadun  oj  Prepared  Foodi  m  a  Large  Scale, 

I  must  now  direct  your  attendou  to  a  danger  of  another  kind, 
but  still  attributable  to  modern  modes  of  living.  The  supply  of  freeh 
food  to  large  cities  is  a  matter  of  difficulty,  which  has  given  rise  to 
the  increased  use  of  prepared  articles  of  i'ood  which  can  be  preserved 
for  various  lengths  of  time.  Preservation  by  cooking  or  other  xnean« 
allows  of  a  more  economical  utilisation  of  meat  than  the  sixaple 
diviaion  of  a  oarcase  into  joints. 

Berbp  Ovibredk  of  Fork  Pta  Foitming, 

During  tbe  first  week  in  September  1903,  Dr.  Howarth,  tbo 
Kedical  Officer  of  Health  for  the  Boroogh  of  Derby,  was  informed 
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*  Supplement  to  tlie  24th  Annual  fieport  of  the  luxml  Govemmeui  Boaid, 
1894-95,  p.  82. 

t  B.  Tbonae  Tborne,  pp.  xir.  and  it. 


m  Oimlimthn  and  Health  Dangers  in  Food. 


251 


that  seveml  p^«uiis  wbo  h&d  partaken  of  ceitftin  pork  pies  were 
BOnottsly  ill,  being  affected  with  a  kind  ol  diarrbo^l  disease  nenallj 
associated  witli  food  poisoaing.  Iq  tlie  coctrsa  of  tlie  enqaines  that 
fallowed,  it  was  aeccrtaiDed  that  at  least  221  persons  who  hod  par- 
taken of  pies  poTcbii&od  at  one  shop  in  the  course  of  a  few  days,  had 
been  eimllarlj  a£^e<^tcd,  and  that  four  of  them  had  died.  Of  the 
$21  pereoDB,  131  were  living  in  I>erby>  and  90  were  taken  ill  in 
other  tawn«.  The  four  fatal  caees  belonged  to  the  latter  group,  and 
it  was  apparent  that  pies  which  had  boon  rapidly  conBumed  in  Berby 
had  been  less  fatal  than  tboflo  which  had  been  taken^  or  sent,  to  a 
distance. 

Careful  iuveatigation  roTealed  the  fact  that  the  great  majority  of 
case^t  if  not  all,  eould  be  cooDeoted  with  one  batoh  of  piea,  baked  tm 
Tuesday,  September  2. 

On  inspecting  the  premises  where  the  pies  had  been  prepared 
Dr.  Howanh  ascertained  that  the  owner  conducted  his  business  with 
more  than  ordinary  care,  and  that  there  was  no  evidence  of  any  oon- 
ti^vention  of  any  of  the  borough  bye-la wb.  There  was  no  evidence 
lo  ehow  that  the  flesh  of  any  diseaeed  pig  had  been  nsed. 

The  results  of  this  first  part  of  the  investigation  were  :  (1)  that 
the  outbreak  of  illness  was  clearly  connected  with  the  consumption  of 
A  certain  batch  of  pork  pies ;  and  (3)  that  these  pies  contained  a 
notions  Btibstimee  of  some  niiknown  origin.  Outbreaks  of  food 
poisoning  ha^e,  during  tbe  last  few  decadee,  been  in veeti  gated  both 
in  this  country  and  abroad ;  those  connected  with  the  iugestion  of 
animal  food  have  generally  been  attributed  to  the  use  of  the  flesh  of 
diseaied  anincmls,  or  to  putrefactive  changes  which  had  given  rise  to 
the  formation  of  poisonous  alkaloids^  known  generally  under  the 
name  of  ptomaines.  In  this  case  I  found  no  evidence  of  the  presence 
of  ptomaines  in  the  pies,  and  1  think  that  careful  investigation  of 
outbreaks  of  food  poisoning  will  show  that  true  ptomaine  poisoning 
ta  a  very  rare  occnxrence  indeed. 

On  microscopical  examination  of  the  pies  I  found  that  the  meat 
showed  no  evidence  of  having  been  derived  from  diseased  swine. 
Many  of  tbe  small  pieces  of  meat  which  I  eicamined  were,  however, 
partly  cxivered  with  a  layer  of  bacteria.  Theee  bacteria  bad  invaded 
ttio  surronnding  jelly,  which  I  found  crowded  with  colonies  of  a 
hacDlQa.  After  a  careful  study  of  the  character  of  the  bacillut,  I 
found  that  it  resembled  closely  one  described  by  Gaertner  in  1888 
under  the  name  of  BaHlluB  ententidi»^  and  I  named  mine  Budllug 
emieritidu  PerbiengU.  Tbe  distribution  of  this  microbe  led  me  to  the 
eODclusion  that  the  meat  hod  been  exposed  to  faoal  pollution  after 
Msg  chopped  up,  and  before  being  baked.  To  test  ih&  correctness 
€i  ray  theory  it  was  necessary  to  find  out  whether  the  meat  !iad  actually 
been  exposed  to  tuch  pollution,  and  whether  bacilli  of  the  kind 
dixcoveml  could  have  survived  the  baking  process > 

A  viait  to  tbe  premlsea  where  the  pies  had  been  prepared  allowed 
mo  to  leaUie  more  clearly  than  I  had  done  before  bow  many  were 
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the  cliaQeee  of  infecstion^  and  bow  desirabld  it  wms  tliat  in  tha  intereat 

of  mannfaclnrers  of  comestiblee,  and  more  eflpeoiall^  of  the  publics 
generally,  the  sanitary  anthonties  should  be  In  poBitien  to  regalald 
the  preparation  of  food  expOBod  to  oontamlnationfl. 

On  inspection  of  the  premisoB  where  the  fatal  pioB  had  been  pre- 
pared I  found  that  opportunities  for  pollution  were  numerous,  I  may 
enumerate  them  as  follows : — 

1.  The  meat,  hung  in  an  entrance  paasage,  was  exposed  to 
oocaeional  contact  with  persons  and  pigs  going  into  the  yard. 

2.  It  was  also  eipoaed  in  the  same  place  to  dust  from  the  street 
and  from  the  yard, 

3*  The  dtmt/rom  theyardt  wkkh  was  uied  as  a  panage  &y  men  and 
animals  (and  vpker^  there  were  accumuldtions  of  refuse),  was  liable  to  Ik 
blown  into  the  chojj^ing-house  where  tlio  meat  and  jelly  were  prepared, 
also  through  ground  level  gratings  into  the  cellar  where  the  jolly  was 
often  loft  for  several  days. 

4.  Live  pigs  were  kept  in  the  daught^-home  for  at  least  one  dntf^  and 
sometimes  for  a  longer  time,  before  being  slaughtered  ;  the  excreta  of 
these  piga  were  allowed  to  gravitate  towards  a  gutter  in  the  centre  of 
the  slaughter-house^  so  that  a  pig  affected  with  infeotious  enteritia 
would  have  soiled  the  floor  of  the  slangbter-bouse.  After  being 
acalded,  the  carcase  of  the  pig  had  to  be  hung  over  the  same  gutter, 
and  as  it  was  transferred  from  the  tub  to  the  hook  some  of  itfl  parts 
freq^uently  touched  the  ground.  The  nature  of  the  cleansing  which 
followed  permitted  of  the  carcase  and  its  parts  being  smeared  over 
with  a  thin  layer  of  filth,  posdbly  not  noticeable  to  the  eye. 

6,  The  men  emploi/ed  in  the  abattoir  ji««?e<i  from  (h^re  to  the  chop- 
pinff-hottse^  where  the  meat  was  chopped  or  minced  and  where  the 
jeUy  was  prepared.  They  soiled  the  floor  with  their  boots,  which 
had  come  in  contact  with  excreta  in  the  slaughter-house.  It  was 
said  that  they  changed  their  boots  and  washed  thoroughly,  bnt  I  found 
no  evidence  of  their  realism^  the  great  importance  of  special  cart:  m 
that  matter  ;  and  I  saw  that  the  floor  of  the  cbopping-hoUBo,  which 
had  recently  boea  washed,  was  being  rapidly  covered  with  soil  at  the 
time  of  my  visit. 

6*  The  tub  where  the  bowels  and  other  parts  were  soaked,  wns  in  dose 
proximity  to  the  mincintj-machine. — It  was  the  usual  practice  to  clean 
bowels  in  the  chopping-house.* 

7,  The  jelly- tins  or  bowls,  and  the  scoops  used  for  taking  jelly 
out  of  the  copper,  were  either  regularly^  or  at  ha»i  frequently,  laid  on 
the  floor  of  the  cJiopping'house.  The  vessels  in  whieh  jelly  and  meat 
were  placed  revuiined  frequentltf  on  that  floor  for  hours, 

*  Borne  of  the  wntf^r  Cwm  a  buekst  containing  the  bowels  waa  obtained  by 
Dr  Howarth.  Tbia  water  had  a  dirty  appearance.  In  ordei  to  find  out  whether 
thii  water  might  b&  Mrlf  ton^itterecf  a  eotntont  possible  ioureeof  poLlntiou*  I 
teited  it  for  the  preaence  of  the  bafiillaa  coli^  and  found  that  thii  orfanitm  wm, 
aa  expected,  preieut  in  t&rg«  numberiB. 
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8.  No  speolttl  precaution  w&s  taken  to  preTent  hands  and  ntt^ 
iterille^d  Tciesels  from  comiDg  m  contact  with  the  luke^warm  jelly 
poufod  mto  the  finighed  pieB. 

All  ^eee  things,  and  many  others  which  I  need  not  mention  in 
more  detail^  indicate  numeroQS  sources  of  pollntion  which  should  not 
be  tolerated.  Meat  or  jelly  are  quite  as  gusceptiblo  to  pollution  as 
milk,  and  a  plaoo  where  such  things  are  exposed  should  be  kept  afi 
Bcmpulously  clean  as  a  model  dairy,  or  as  an  operating  theatre. 
Ko  surgeou  woiild  think  of  passing  directly  from  a  pOBt-mortem 
foom»  where  he  had  performed  au  autopsy^  to  the  operating  room,  or 
he  would  expose  the  person  operated  upon  to  dangerous  infection. 
Bead  flesh  and  jelly  are  far  more  prone  to  be  affected  by  baoteiial  in- 
feotioB  than  liTing  flesh. 

Beneficial  Efectt  of  QmpUtt  Cmfking. 

The  only  thing  which  hae  saved  the  consamer  of  pork  pies,  and 
oQier  dainUee  prefmred  in  the  pork  shop,  from  even  more  frequent 
dl«0ters  than  have  occurred  is  the  sterilisation  to  which  these 
articles  are  submitted  dqrmg  the  process  of  cooking*  What  I  say 
cf  pork  applies  also  to  many  other  eatables.  It  is  ohi^i&us  thai  it  is 
p<mMs  htf  preventive  measures  ia  gtiard  agmml  eurh  serhiis  sources  of 
pcUnH&nj  and  thus  to  prevent  the  recurrence  of  such  outbreaks  as  tha 
ono  in  question.  A  large  amount  of  illnesSf  the  source  of  which  is 
not  always  bo  evident^  is  undoubtedly  due  to  similar  pollution  of 
otbei-  articles  of  food,  and  I  have  for  many  years  attributed  much  of 
tliQ  epidemic  diarrboeaf  so  &tal  to  young  children,  to  contamination 
by  bacilli  of  the  milk  identical  with  or  allied  to  those  found  in  the  piee* 

TemperatuTV  naehcd  hj  the  ruriom  partjt  of  tt  F&tk  Pie  tluHng 

Baking  Is  not  ao  great  a  safeguard  ae  might  be  supposed.  The 
piea  are^  it  la  true,  placed  in  a  very  hot  oven,  the  temperature  of 
whicli  ia  more  than  sufficient  to  kill  non-sporing  bacilli^  such  as 
the  bacillus  enteiitidis^  in  a  few  seconds.  But  a  pie  is  so  constructed 
that  ita  central  parts  are  reached  but  slowly  by  heat«  The  pie  is 
SBfTomided  in  the  oven  by  hot^  oompamtively  dry  air,  the  rapid 
erapomtion  taking  place  from  the  surface  of  the  moist  crust  koep^ 
for  a  time  the  temperature  of  the  rest  of  the  pie  com  para  tirely  low. 
The  maat  does  not  constitute  a  homogeneous  masST  it  is  separated 
horn  &e  c;  ust  by  a  layer  of  air,  there  is  also  more  or  less  air  between 
thB  mail  pieces  of  meat  occupying  the  centre  of  tho  pie.  All  tbosa 
llfcingp  preTent  the  rapid  penetration  of  heat.  To  satisfy  myself  that 
theoe  views  were  not  purely  theoretical j  1  have  made,  with  Dr.  Howarth 
and  Mr.  Cope,  ob»oT  vat  ions  upon  the  temperature  reached  by  various 
parts  of  pies  baked  in  Kr.  Cope's  own  oven.  For  the  purpose  of 
ifaia  eiperiment  Mr.  Cope  had  a  certain  number  of  pies  prepared  in 
Um  usual  way,  and  placed  in  the  oven,  some  at  4.30  p.m.  and  soma 
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»t  5  *  20  p.m.,  on  September  22,  These  pies  were  remored  reBpectively 
at  6.17  p.m.  and  6.11  p«m.  before  Dr.  Howarth  and  myBelf,  and  wa 
immediatel  J  took  the  tempemture  of  the  central  parte  of  the  piee,  and 
also  of  the  meat  close  to  the  bottom  and  top  cmst. 

I  conld  not  devise  any  more  reliable  way  of  doing  this  than  by 
plunging  the  bnlb  of  the  thermometer  rapidly  into  the  pi©  through 
the  vent  hole.  A  continuous  record  of  the  changes  of  temperatnre 
taking  place  in  the  piae  dnring  baking  could  not  hare  been  obtained 
on  the  premiges^  and  would  not  have  offered  great  gnarantoee  of 
aocur&oy.  The  distance  between  the  centre  of  the  pio  and  the  top 
crust  having  been  meaenred  on  the  stem  of  the  therm ometerf  the 
instrument  wa«  plunged  into  the  moat  so  that  its  bnlb  should  reach 
at  once  tho  centre  of  the  pie.  This  undoubtedly  allowed  a  little  of 
the  boiling  fluid  which  waa  on  the  surface  of  the  meitt  to  follow  the 
bnlb,  so  that  the  temperature  chservefif  mtist  have^  in  every  case^  been 
higher  than  ilte  actual  temj^rature  of  the  centre  of  the  pie ;  but  the 
error  ao  produced  was  in  the  tight  diyiection,  for  it  did  not  tend 
to  make  one  under-eatimate  the  temperature.  After  allowing  the 
mercurial  column  to  rise  to  the  utmost,  and  seeing  that  it  remained 
stationary,  the  tem|)eraturo  was  read^  the  bulb  of  the  thermometer  was 
then  pushed  as  far  as  the  bottom  cruet,  the  tcmpemturo  being  again 
taken,  the  bulb  was  now  withdrawn  so  as  to  come  almoat  in  contact 
with  the  top  otuat,  A  a  each  of  the  ovens  ia  heated  chie%  by  means 
of  radiators  fiitnated  above  the  pies,  it  was  to  be  expected  that  the 
top  crust  would  be  hotter  than  the  bottom  cruet. 

In  &  first  set  of  observations  I  found  that  the  highest  temperature 
reached  in  the  central  part  of  the  pies  was  47-2°  C*  These  pies 
were  said  to  have  been  nDder-haked(fiftyMDne  minutes  iestaad  of  the 
nsnal  ninety  minutes),  but  they  had  the  ap[)earanoe  of  well-bakod 
pies. 

In  a  second  »ei  of  €h»ert!ftiion9  I  found  that  the  highest  temperature 
in  the  centre  of  the  pies  was  86*6°  C.  These  pies  were  said  to  ho 
over-baked  (107  minutes  instead  of  90  minutes),  and  they  looked 
dietinctly  too  much  baked,  their  colour  being  much  daf  ker  than  is 
uaual. 

Several  facts  were  hrongbt  out  by  theae  eiperimeuts. 

1.  The  temperature  of  the  centre  of  a  pie  said  to  be  nnder-baked^ 
but  having  all  the  external  apj^earances  of  being  well-baked f  may  not 
exceed  47-2°  C.  A  hatch  of  pies  prepared  in  a  A«rr^  might  therefore 
be  ao  cooked  that  bacteria  might  continue  to  grow  in  thoir  centre  during 
the  greater  part  of  their  stay  in  the  oven,  and  the  bacteria  ieould 
eetiainlf  not  be  killed,* 

2.  The  temperature  of  the  centre  of  a  pie  obviously  over-balced, 
uid  acknowledged  to  be  so,  had  not  gone  beyond  86*6^0.,  which 


*  TU&  appearance  of  Ibf  pcirtions  of  pies  ^hich  I  rGceived  l>ora  Dr.  Howanli 
tL%  tbe  )>eginmti^  of  thin  eTiquir)',  gn^e  tne  tbe  iiupreBtion  tti&t  thei«  pies  whicb 
called  tb«  Derby  epidemic  bad  been  undei-buked. 
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me«nB  tliat»  eT«n  tifter  exceseiye  baking,  the  iemperatfire  reached  in 
the  eenin  &f  a  pie  dae«  not  in  an^  case  exceed  hif  manif  degrees  that  at 
wkiek  haeteria  of  low  resitiame  are  killed. 

B.  There  was  a  difference  of  several  degrees  between  the  tempera- 
tnre  of  vnrions  piea. 

The  importance  of  these  reealts  wiU  be  better  iindereto<»d  in  the 
ligitt  of  some  erporiments  which  I  have  csouduoted,  with  the  assietatieo 
of  Br,  A-  Sellers,  to  ascertain  the  reaistanco  ef  the  Bacillus  Dtrbienna 
to  beat^  I©  those  experiments  care  was  taken  to  ascertain  the  exact 
duration  of  exposures  to  certain  temperatttres.  Wo  found  that  the 
bacilloA  isolated  from  the  pies,  and  cultivated  in  broth^  was  not  kilted 
when  exposed  in  that  fluid  for  twouty-four  hours  to  a  temperature  of 
ftO**C.  {121''F.)  in  four  experiments  out  of  six. 

It  was  ooly  whoa  a  temperature  of  60°  C»  (160^  F.)  was  reached » 
Ih^  daatb  of  the  bacillus  was  usuall/  obtained  in  leas  than  five 
iDtniitee. 

It  is  therefore  obvious  that  the  bacillus  could  easily  redst  the 
temperatore  to  which  the  central  parts  of  several  of  the  pies  which  I 
examined  had  been  raised,  and  that  pollution  of  the  meat  in  the 
chopping-house  was  quite  sufficient  to  explain  the  Derby  outbreak. 

Another  property  of  the  bacillus  explains  how  large  masses  of 
food  may  rapidly  be  infected*  Its  rate  of  multiplication  is  extra- 
ordinarily high*  Thus  I  found  that^  with  a  small  particle  of  a  pure 
culture  of  the  Barillui  enteriiidi^t  I  was  able  to  infect  throughout 
several  ounces  of  broth,  meat  jelly  or  milk,  in  loss  than  two  hours  ; 
3  milligrammes  of  cultare  are  capablo  of  infecting  in  two  honra  150 
fimmnies  of  these  materials,  when  they  ore  kept  at  temperatures 
nnglng  between  summer  icmperature  and  blood  heat.  In  other 
wordA,  1  part  of  infective  material  may  easily  infect  in  two  hours 
70,000  parts  of  one  of  the  foods  mentioned,  A  single  drop  of  polluted 
water,  or  particle  of  excreted  matter,  would  therefore  be  capable  in 
numner  to  itifect  a  gallon  of  milk,  broth  or  jelly  in  a  few  bonus. 


Carriage  o/  Food  from  a  Di^t^n^. 

If  time  permitted,  I  would  be  able  to  show  how  frequently  eows^ 
tniUc  ia  infected  at  the  farm  or  through  dirty  milk-cans,  and  how 
infectious  bacilli  multiply  in  the  milk  sent  from  the  country  to  towna 
la  hot  railway  vane*  In  this  way  a  quantity  of  infectious  matter, 
otiginaHy  too  small  to  cause  a  definite  danger,  is  capable  of  increasing 
to  Buoh  an  extent  as  to  render  milk  distinctly  noziuus. 

Daring  the  past  few  years  a  largo  number  of  samples  of  milk  sent 
to  Manchester  have  been  tested  in  my  lalxjratory,  by  means  of  inocu- 
Istiuu  experiments.  A  small  quantity  of  wholuHome  fresh  milk 
injected  under  the  skin  of  a  guinea-pig  causes  no  inconvenience  to 
Ibe  ammal,  but  infections  milk  produces  various  forms  of  illness, 
mrmo  of  which  are  rapidly  fatal.  Many  of  the  cases  of  fatal  illness 
«!•  duo  to  bacilli  resembling  those   which  I  have  mentioned  in 
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coonection  with  the  pork  pl€6.  It  HO^ms,  therefore,  demisble  that 
infante  should  not  be  fed  on  nndh  miLk. 

The  effects  of  refrigeration,  during  traosit,  npon  th©  properties  of 
milk  receii?ed  in  MaacheBter  from  varioos  ctiuotieflj  offer  a  proof  of 
the  dangers  connected  with  this  multiplication  of  bacteria  in  milk,  and 
also  the  that  the  danger  is  not  without  remedj. 

About  50  per  lOOO  gminea-pigs,  inoculated  with  noxi*relngerated 
milk  coming  from  a  distance,  died  within  ten  days  after  inociilattoD. 
Kot  more  than  3  per  1000  died  when  inoculated  with  milk  which  hid 
been  kept  cold  daring  transit.  If  the  milk  had  been  refrigerated 
immediately  after  milking,  no  death  at  all  would  have  occurred,  xmle^s 
the  milk  had  been  obtained  from  much-diseased  cows. 

Pnnervaiion  by  m«an«  o/  Chemi&d  Freaerf^ativ^. 

Another  source  of  danger,  which  I  must  mention  before  concluding, 
ia  that  which  resulte  from  the  addition  of  preserrativcfl  to  perishable 
food  stuffs,  finch  as  meat,  milk,  cream,  butter,  etc.  Dealers  in  tho^e 
articles  are  exposed  to  serious  1  oases  owing  to  putrefactive  changes, 
which  occur  more  or  less  rapidly  in  such  articles.  In  most  cases 
these  putrefaotiTe  changes  can  easily  he  prevented  by  refrigeration  ; 
but  in  many  casee  that  method  lb  not  economical  or  conTeuient,  and 
therefore  chemical  substanceB,  such  as  ealicjlic  acid,  boracic  acid, 
formalin,  which  arrest  putrefaction^  are  exteneively  used  by  yarions 
trades.  Some  of  these  Bubetancee,  when  taken  in  sujScicut  quatitities, 
hare  been  shown  to  be  more  or  lees  detrimental  to  health ;  and  as  a 
matter  of  fairness  to  the  consumer^  it  is  obviously  desirable  that  the 
addition  of  such  substances  should  he  made  known  to  the  purchaser 
who  is  not  anxious  to  try  upon  himself  eiperimeutB  regarding  the 
action  of  drugs  taken  in  small  doses  over  an  unlimited  period  of  time. 
It  is  not,  however,  to  this  aspect  of  the  question  that  I  wish  to 
attract  attention  specially.  There  is  ano&er  aspect  which  is  of 
mox^  importanoe. 

Some  of  the  preservatives  m  common  use,  although  they  are  able 
to  check  the  growth  of  putrefactive  organisms,  are  unable  to  arrest 
that  of  some  of  the  diBease-produciBg  bacteria  which  may  ho  present 
in  food  ;  and  this  is  a  serious  source  of  danger. 

During  my  invcBtigatiou  of  the  Derby  outbreak,  I  was  struck 
with  the  absence  of  putrefactive  ebanges  in  the  jelly  of  the  pies, 
and  previous  eiperiments  led  me  to  infer  that  a  preservative  had  been 
added  to  it  in  fairly  large  proportion.  On  analyais  I  found  thai  the 
preservative  need  had  been  boracic  acid. 

If  such  a  preservative  had  not  been  used  the  pies  would  rapidly 
have  become  stale,  and  few  of  the  stale  pies  would  have  been  eaten. 
Instead  of  this,  the  pies  retained  the  appearance  of  freshness  whilst 
the  deadly  bacillus  was  multiplying  in  their  midst.  It  will  ha?o 
been  noticed,  that  the  pies  which  bad  been  kept  for  some  time  bad 
prt>ved  more  noxious  than  those  which  had  been  consumed  at  an 
earlier  date. 
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To  obtain  more  sccumte  data  on  tbfti  point,  I  added  to  somo 
liroth  and  to  some  jelly  fonr  times  more  boTBcic  acid  than  is  con- 
•idored  sufficient  to  preserve  food,  and  then  luoculatad  thoee  media 
with  the  Bacillus  enteritidis.  The  baciUua  grew  abundButly  in  this 
cotupfiiatiTeiy  strong  solution  of  boracic  acid.  Moreover ,  I  found 
that  the  bacillus  romainod  alivti  for  thr&e  months  in  broth  to  each  50O 
parts  of  which  1  part  of  boracic  acid  had  been  added  (140  grains  per 
gallon). 

A|Art|  therefore,  from  the  aetion  wbioh  some  preeenratirefl  maj 
lifttv  ii|M»n  the  human  frame,  it  Beems  evident  that  their  use  is 
•tiended  with  a  definite  danger ;  for,  althongh  they  may  be  able  to 
€heck  pntref action,  they  do  not  prevent  the  mnltiplication  of 
certain  infectious  germs*  The  consumer,  being  deprived  of  the  use- 
fnl  index  of  etaleuess  which  putrefaction  offers,  is  therefore  exposed 
to  consume  dangerous  articles  which  he  would  have  rejected  other- 


I  must  now  conclude  these  remarks.  I  have  dealt  with  a  few 
imtancea  only  of  the  dangers  lurking  in  food^  such  as  it  reaches  ua 
tmder  the  com  plicated  conditions  by  which  civilisation  has  eurronnded 
ttfl.  The  nature  of  these  dangers  indicates  clearly^  I  think,  that  they 
can  be  met  only  by  thorough  legislation  and  administration.  When 
one  considers  that  the  qtie^iton  of  the  purity  of  food  is  onltf  one  of  (Afl 
mOM^  mik  vhkJt  cmr  Public  Meidih  terviee  has  to  ileal ^  and  how  impor- 
liiil  iQob  qnestions  are  to  a  nation,  one  is  tempted  to  ask  why  the 
importance  of  this  work  is  not  more  fully  recognised.  It  seoms 
that  tbo  m&gnitnde  and  technical  diBiculticB  of  the  task  should  bo 
«nongh  to  occupy  fully  a  State  Department,  headed  by  a  Cabinet 
Uiiii^er  of  great  ability. 
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Adolf  Liebmajw,  Esq.,  M.A.  Ph.D.  M.B,L 

Per/ttmet,  Natural  and  ArtiJidaL 

HrsTORT  teaches  that  porfames  haye  been  known  and  used  ever  einee 
htatorical  records  have  been  kept*  Even  the  Ayur  Yedas  (the  book 
of  life),  which  con  tame  the  earliest  traditiona  of  the  Sanekfit  literature, 
mentionB  attar  of  roees,  oil  of  antropogon  and  of  calmuSj  and  the  way 
of  producing  them. 

In  the  same  way,  the  mythical  documents  of  the  ancient  PerBians 
prove  that  perfumefl  were  kaown  to  them^  but  foremost  among  tbe 
ancient  ttatioos  who  were  acquainted  with  perfumes^  and  their  mode 
of  production^  were  the  Egyptians,  who  probably  obtaitied  them  in 
a  purilied  form. 

The  Egyptian  culture  spreading  to  Europe,  imparled  the  know- 
ledge of  the  East  and  the  love  for  sceute  to  their  weistern  neighbours, 
and  Greece,  as  well  ae  Romei  used,  especially  during  the  proaporoua 
timeSf  the  extracts  of  £owers  for  perfumery  as  well  as  for  medicinal 
purposes. 

Later  on,  the  Moors  con^buted  largely  to  the  evolution  of  know- 
ledge on  this  Bubjeot,  and  BToBsne  described  in  his  book,  *  Antido- 
tarium/  in  a  special  chapter  *  De  Oleis/  the  preparation  of  easeniial 
oils. 

In  the  middle  ages,  distillation,  rediscovered  in  the  fifteenth  cen- 
tmry,  introduced  the  posflibility  of  obtaining  purer  and  more  fragrant 
products,  and  as  a  consequence  the  production  of  perfmues  proper 
was  started  as  an  industry  in  the  south-west  of  France, 

Scientific  exploration  of  the  chemistry  of  essential  oils  was,  how- 
ever, only  poseible  after  the  great  (Hscoveries  of  Cavendish,  Priestley 
and  Lavoisier.  From  that  time  chemiBts  began  to  devote  their  atten- 
tion to  perfumes,  and  their  researches^  although  not  explaining  the 
structure  and  nature  of  these  compounds,  nevertheless  contributed 
considerably  to  our  knowledge  of  the  subject  It  was  left  to  Wallach's 
and  Bayer's  classical  researchee  to  demonstrate  the  nature  of  terpenesi 
and  their  derivatives,  which  form  part  of  nearly  all  essential  oili. 

Terpeaes  are  cyclic  compounds,  Scmler  proved,  on  examining  a 
number  of  alcohols  and  aldehydes,  geraniol,  linalool,  citral  and 
citronellalj  frequently  found  in  essential  oils,  that  they  belong  to  th« 


1503.] 


on  Per/umetf  Natural  and  ArtificiaL 


259 


&lipliAtic  ieries  ;  and  Tbiematin,  through  his  Btndiea  of  ranilllne,  oil 
of  iris  &nd  of  irone,  arriyed  at  the  syutheem  of  yanilliue  and  ionooe, 
or  artificial  yiolck  Many  more  might  be  mentioned  ae  hayiiig  oou- 
tribated  to  our  knowledge  of  this  aubjoct 

The  chief  eonrcea  of  natural  perfameB  are  the  flowerB,  plants, 
aromatie  roota^  the  sweet  epices  of  the  East,  etc.,  from  which  the 
artiye  principle,  the  essential  oil,  is  extracted  in  different  wajs^ 
The  old^t  method  which  is  still  in  use  for  substances  readily  de- 
oompofiable,  and  to  ^hich  distillation  with  st^am  cannot  be  applied 
without  deetf action f  ia  to  treat  the  blossoms  with  yaeeliue  or  with 
molten  fat,  or  press  them  between  two  sheets  saturated  with  fat  until 
the  petfume  has  been  completely  dissolyed  in  the  fat  (mfieurage). 

The  perfume  can  be  separated  from  its  fatty  soWent  by  cold 
Uoehol,  in  which  the  fats  are  insoluble.  The  essential  oils  of  jasmine 
md  tnberoees  are,  for  instance,  prepared  iu  this  manner.  The  mode 
is  practically  identical  with  the  one  described  by  Fliniua  in  the 
eeoond  half  of  the  first  century. 

The  peoood  mode  of  obtaining  esssontial  oile,  and  the  one  which 
it  moat  generally  used,  is  to  distil  the  blossoms  with  steam.  Attar 
of  Tosee,  oil  of  neroli,  oil  of  lavender  sad  many  others  are  produced 
by  this  process.     There  are  three  distinct  operations : 

(1)  Preparation  of  the  raw  materiaL 

(2J  IMstaiation, 

(3)  Purification  of  the  crude  oil. 

The  distillation  can  be  carried  out 

SWith  high -pressure  steam ; 
With  superheated  steam; 
(c)  With  water ; 

til  of  which  may  be  used,  but  the  solection  must  always  depend  on 
the  properties  of  the  oil. 

The  purification  of  the  dietUlate  is  very  important  aud  must 
depend  on  the  special  impurities  which  may  contaminate  the  oil. 

A  third  motle  of  obtaining  the  perfume  is  to  extract  it  from  the 
r«w  material  with  low  boiling  liquids  such  as  ether,  petroleum  other 
m  acetone,  and  to  remoye  the  solvent  by  evaporation,  which  is  usually 
efected  in  vacuo. 

An  eflfort  has  been  made  to  explain  the  fragrant  properties  of 
ffSSDta  by  the  presepce  of  aromatophoric  groups  in  a  similar  way  as 
the  colour  of  snbslttnces  is  due  to  ohromophoric  groups,  but  not 
tttfficieBt  data  have  been  collected  to  allow  of  any  fixed  conclusions. 

A  -variety  of  classes  of  compounds  have  been  isolated  from  essen* 
tkl  noli  fluch  as  hydrocarbons,  alcohols^  ethers,  aldehydes,  ketones, 
adit  and  thoir  esters. 

The  most  important  hydrocarbons  belong  to  the  class  of  terpones, 
and  their  eomplej^  structure  has  been  eiplained  by  a  series  of  das^ 
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nioal  reeearchee  bj  Wallaeh ;  they  we  cyclic  com|Kiund&t  and  have  the 
general  formula  CioHi^. 

PincDe,  cftmphene»  limonene,  hipontine,  pbelU&drene,  sylvestTeuej 

terpinene,  we  the  terpenes  more  frequently  occarriiig  in  esBeutial  oils* 
Other  hydrocaiboiis  fonnd  in  oik  are  eesquiterponee,  C^^^2^^  and 
cadinene  aod  carjaphilkno  are  its  chief  members.  Alcohols  ooctir 
frecjaeutly  either  combiDcd  &8  acid  esters,  phenolio  eaters,  or  in  the 
free  fitate. 

Of  the  greatest  interaet  and  importance  are  the  diolefinio  alcohoU 
geraniol  and  lioalool  Cs^igO,  and  the  olefiuie  alcohol  citronellol. 
Geraniol  is  the  chief  iogredient  of  attar  of  roses,  and  linalool  is 
also  prcecot,  but  in  smaller  qiiautity. 

Several  modes  of  preparing  those  alcohols  in  pure  state  have  been 
deyised,  and  they  can  now  be  obtained  in  the  markel  as  chemi 
indivt  duals. 

Whilst  these  alcohols  are  open  chain  compoundg,  essential  oils 
contain  a  number  of  cyclic  alcohols  which  are  trne  hydroxy  deriva- 
tives of  terpenes  proper.  Amonget  the  more  important,  terpineol, 
bomeol  and  menthol  may  be  mentioned. 

Open  chain  aldehydes  are  siihstances  of  strong  odour,  not  always 
very  pleasant.  Octyl  and  nonyl  aldehydes  are  constituents  of  the 
German  attar  of  roses  aiid  of  oil  of  lemon.  Citral,  however,  is 
more  important,  and  occurs  in  nearly  all  essential  oils,  which  are 
distinguished  by  the  characteristic  lemon  odour  of  this  substance. 

It  is  contained,  to  the  extent  of  from  70  to  80  per  cent,  in  lemon 
grass  oil,  and  its  cbief  importance  lies  in  the  fact  that  it  forms  the 
raw  material  for  tho  preparation  of  ionone  or  artificial  violet 

CitroueUal  frequently  occurs  along  with  citral,  and  has  similar 
properties. 

A  number  of  aromatlo  aldehydes,  benzaldehyde,  salicylic  alde- 
hyde, cumaric  aldehyde,  ania  aldehyde,  vanilline,  helictropin  and 
cinnamic  aldehyde  belonging  to  the  beuzone  series,  occur  in  nature, 
but  most  of  them  are  now  prepared  synthetically. 

Of  aliphatic  ketones  only  methyl  heptenone,  distinguished  by  the 
fruity  odour  of  amylacetate,  and  methyl  nonyl  ketone  are  of  any  im* 
portance,  Oydio  ketones  are,  however,  important  constituents  of 
some  essential  oils,  for  example,  fenchone,  tujone,  pulegone,  all  dis- 
tiDgnished  by  a  characteristic  smell.  But  the  most  valuable  in  the 
industry  of  perfcraes  is  irone,  the  active  principle  obtained  from  tho 
roots  of  violets,  and  ionone  or  artificial  violet. 

Acids  as  such  do  not  assist  the  perfumiug  qnalities  of  essential 
oils.  They  are  either  odourless  or  have  an  objectionable  smell ;  but 
a  number  of  esters  havo  been  found  in  natural  perfumes  and  possess 
highly  valuable  properties  ;  amongst  them,  methyl  salicylate^  metbyl 
anthranilftte,  etc.,  and  a  number  of  esters  of  fatly  acids. 

Lactones  are  also  represented  amongst  perfumes  ;  sedanolide  with 
a  strong  odour  of  celery  is  present  in  this  plant,  and  cnmarine  with 
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m  refreeliiug  odour  of  new  hay,  occurs  in  many  plants,  such  as  wood- 
ruff»  tonca  beans,  €tc*,  and  imparts  to  them  their  fragrance. 

Phenols  and  phenolic  ethers  are  very  importiitit  members  of  the 
siibabuieea  oontribnting  to  produce  perftimiug  qnalities. 

E^6oiallj  importaut  are  those  which  contain  an  clefinic  side 
ehain,  aaeh  as  anethol,  engoiiol,  gafrol,  etc. 

The  examination  of  the  natural  perfumes  was  nsefnl,  not  only  as 
an  eiteneioii  of  our  knowledge  of  organic  eliemietry,  bat  also  for 
commercial  reasons,  that  is,  fur  the  introduction  of  the  synthetical 
owmntiiil  oils  into  the  market,  reGonstructed  from  the  indiriduals 
Ibtoid  in  the  natural  product.  We  are  now  able  to  buy  a  number  of 
synthetical  products,  attar  of  roses,  oil  of  jaBmine,  oil  of  ueroli,  etc* 

But  not  ouly  were  the  complex  products  of  nature  reconstructed 
synthetically,  but  the  synthetical  preparation  of  a  number  of  chemical 
individiials  was  also  successfully  achieved,  and  yanMlino  was  the 
pioneeir  in  this  direction. 

Thiemann  obtained  it  first  by  oxidation  of  coniferin  or  conifenl 
alcohol,  and  later  on  by  the  oxidation  of  acetisoengenoL  A  number 
of  other  modes  are  now  known,  hut  Thiemann's  latttir  process  is 
tedmically  still  the  most  important  one.  The  price  of  this  aldehyde 
has  fallen  from  150L  in  1875  tf>  II.  fin.  to-day. 

Holiotropin,  protoca tech u-aldebydc-me thy lene-ester,  is  likewise 
pmared  synthetically  by  the  oxidation  of  tHperonic  acid  or  by  the 
cnidation  of  isosafrol ;  it  forms,  like  vanilline,  an  example  of  the 
change  which  are  usually  the  result  of  competition,  technical  im- 
provemeute  and  increasing  consumption.  Its  price,  which  was  once 
75l.,]itfl  gone  down  to  15x.  per  pound. 

Amsaldehyde  and  cinnamic  aldehyde  are  now  prepared  in  the 
laboratory.  AH  these  products,  although  artiiicialj  are  yet  in  another 
sense  products  of  nature ;  that  means,  they  are  prepared  synthetic  ally, 
but  they  occur  all  of  them  in  natural  j^rfumes,  and  they  have  only 
been  artificially  produced  for  economic  reasons. 

But  there  are  two  scents  of  very  great  importance  which  are 
arti£cial  in  every  meaning  of  the  word  :  artificial  musk  and  ionone, 
irti^ial  violet. 

Artifichd  musk,  discovered  by  Baur,  is  trinitro-isobutyl- toluene  or 
xylene,  and  is  obtained  by  nitration  of  isobutyltoluene,  isobutyl* 
xylene,  and  isobutylhydrindene. 

There  are  a  variety  of  these  penetrating  scents  in  which  one  of 
the  nitro-groupa  is  replaced  by  other  groups,  such  as  the  cyanogen, 
balogen,  ketonic  and  other  groups,  but  the  result  from  a  perfuming 
|K>int  of  view  is  identicah 

Ionone,  a  ketone  of  the  formula  0i3H2„0,  was  discovered  by 
Thiemann  and  forms  the  subject  of  a  series  of  the  most  remarkable 
Iiiaornhnn  which  this  great  scientist  published. 

It  is  obtained  by  condensation  of  citral  with  acetone,  and  by  con- 
Yvrtiiig  the  new  open  chain  ketone,  which  Thiemann  calls  psendo- 
doDone,  into  Ita  iioiaerio  ketone  by  treatment  with  acids. 
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lonone  ia  one  of  tlie  fijiest  perfiunefl  in  existence:  it  has  Ihe 
cb&racteriEtic  einell  of  Tiolete  ftod  consists  of  two  isomefs,  stph* 
«iid  beta  ion  one,  which  in  their  perfuming  q^ualities  are  pr&cticaUj 
identical. 

There  a?e  some  petfomes  which  are  produced  by  aEimal  life, 
each  s6  muek,  amb^griB^  but  thej  have  not  yet  been  explored  from  a 
ehemiflt's  point  of  view. 
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The   Special   Thanks   of  the  Members  were   returned  to  The 

Worshipful  Compauy  of  Cloth  workers  for  their  donation  of  £100  to 
the  Fuud  for  the   Promotion   of  Experimoutal   Besoaroh  at  Low 
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The  Pbbsbhts  received  since  tlie  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

noM 
fie  Seenlary  of  State  for  Jntlia— 

Gtotogiocd  Survey  of  India — 
Memoin,  Vol.  XXXH.  Part  3 ;  Vol.  XXXIV.  Part  2 ;  Vol.  XXXV.  Part  1. 
8ra     1902. 
Aeeadewtia  dei  Lineei^  BeaUj  .Boma— Classe  di  Scienze  Fisiche,  Matematiche  e 
Natuiali.    Atti,  Serie  Quinta :  Bendiconti.     1"  Semeatre,  Vol.  XIL  Fasc.  1, 
Noa.2.  a    8¥0.     in03. 
AgrietiUurat  Society  of  England,  £oya/— Jonroal.  Vol.  LXIII.    8vo.     1902. 
American  Academy  of  Arts  and  Scieneee — Proceeding:?,  Vol.  XXXVIIL  No.  4. 

8yo.     1902. 
American  Geographical  iSoet«ty— Bulletin,  Vol.  XXXIV.  No.  5.     8to.    1902. 
Attrommiml  Society,  Royal— Monihlj  Notices,  Vol.  LXIII.  No.  3.     1903.    8to. 
AuiomobiU  C3u&— Journal  for  Feb.    1903.    4to. 
Bankertj  Intliiute  o/— Journal,  Vol.  XXIV.  Part  2.     8vo.     1903. 
Batavia^  Meteorological  OZtfervofof^— Regenwaamemingen  in  den  Nederlaiidsoh- 

Indiiicben  Archipel,  Deel  23,  1901.     8to. 
Bdgiwm^  Royal  Academy  of  Sciences— Bulletin,  1902,  No.  12.     8va 
BoeUm  Publie  Lt&rary— Monthly  Bulletin  for  Feb.  1903.    8yo. 

Aanual  List  of  Bookd,  1901-1902.    8vo.     1903. 
A>«aiitcA>«e<yo/London,i?oyoI— Quarterly  Record,  Vol.  VIII.  No.  92.   8vo.  1902. 
BritUk  ArdiiteeU,  Royal  Iwtitute  of— Journal,  Third  Series,  Vol.  X.  Nos.  7,  8. 

4to.     1902. 
Britiah  Attronomical  Aieociation— Journal,  Vol  XUI.  No.  4.    8vo.    1903. 

Memoirs,  VoL  XI.  Part  2.    8vo.     1903. 
British  South  Africa  Ckmpany^Be^rt  on  the  Present  Condition  of  Rhodesia. 

4to.     1903. 
Buenoe  Ayree,  C»7y— Monthly  Bulletin  of  Municipal  Statistics,  Dec.  1902.    4to. 
CoMuta,  Geologictd  Survey  o/— Contributions  to  Canadian  Palaeontology,  Vol.  IIL 

4to.     1902. 
OwmU  a  Co.  Meter:  {the  PuMu^r*)— Living  London,  Part  33.    8yo.     1903. 
Ckemiedt  Induetry,  Society  o/— Journal,  Vol.  XXII.  No.  3.     8to.    1903. 
Chemical  So««<y— Proceedings,  Vol.  XIX.  No.  260.    8vo.    1903. 

Catalogue  of  the  Library.    8vo.    1903. 
Civil  Ep^neers,  Institution  o/— Minutes  of  Proceedings,  Vol.  CL.     8vo.     1902. 
Dax :  Sodete  de  Borda— Bulletin,  1902,  2«  Trimestre.    8vo. 
Bdiiore — Amerioan  Journal  of  Science  for  Feb.  1903.    8vo. 

Attrophysioal  Journal  for  Jan.  1903.    8vo. 

AtheDSBum  for  Feb.  1903.    4to. 

Author  for  Feb.  1903.    8vo. 

Board  of  Trade  Journal  for  Feb.  1908.    8yo. 

Brewers'  Journal  for  Feb.  1903.    8yo. 

Chemical  News  for  Feb.  1903.    4to. 

Chemist  and  Drugget  for  Feb.  1903.    8yo. 

Dioptric  Review  for  Feb.  1903.    8to. 

Electrical  Engineer  for  Feb.  1903.    fol. 

Electrical  Review  for  Feb.  1903.    4to. 

Electrical  Review  (New  York)  for  Jan.  1903.    4to. 

Elaekrical  Times  for  Feb.  1903.     4to. 

Electricity  for  Feb.  1903.    8vo. 

Engineer  for  Feb.  1903.    fol. 

EagiBeering  for  Feb.  1903.    fol. 

FeUdeD'a  Magazine  for  Feb.  1903.    8vo. 

HomcBopathic  Review  for  Feb.  1903.    8vo. 

Uofological  Journal  for  March,  1908.    8vo. 

Joonaal  of  the  British  Dental  Association  for  Feb.  1903.    8vo. 

VoL.XVn.    (No.  97.)  T 
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Joui'ii&l  of  8tate  Bledicine  for  Feli.  19Uri     Uto.  ^m 

Law  jDurnal  for  Feb.  1003.    Sto.  fl 

London  TecUiiiic^l  Ivtlaoition  Gftz^ite  for  Jan«  1B03,  ^H 

M&cbiDery  Mafket  for  Feb.  1R03.    Syo.  H 

Model  En^neer  fat  Vvh.  1903,     Svo.  ■ 

Moh  Scienttaque  fur  Feb.  l9{Kk    Sto.  ■ 

Motor  Car  Jonnial  for  Feb.  19(13.    gro,  ■ 

Si^tme  fur  Feb.  1(^)3,     ita,  ■ 

New  Cburch  Ma^axiiie  for  F^b.-HAKoh,  1903.    dvo.  ■ 

F&ff^  MagaLZinc  for  Feb  19<)3.     Sva  ^| 

PhotoKTaphio  New*  for  Feb.  1903,     8¥0.  ■ 

Phyt^Lcai  K«view  for  Jam.  and  Feb.  1903,    Svo.  ^| 

Pabtic  Meallli  Knginoer  for  Feb,  19Q3.     gro.  H 

Tea  for  Feb,  iSO^a.    4to.  ■ 

Stdoplillkt  fi>T  Feb,  190H.    Ito.  ^ 

Jb8iH«al  £rri^m«er«,  Inttatdion  o/-^oiirD&l,  YoL  X^Sll  Part  h    Sro.     1903 

J^wdfeNm  Jiiitiiu/«— Jouraiii,  Vol.  CLV.  No,  2.     8vo.     1903, 

GtHMOf  Soei^  de  PJiysiqutf—Comptm  Hendusi  des  Srftuuea,  XIX,  1£H)2.    BfO* 

QMoraphuial  Socitty,  Royal — Geognipbiriil  Journul  for  Feb.  19KJ3.     8to. 

QmLagical  Sodeiy—K^u&ri^Ay  Journal,  VoL  LlX.  Part  1,    8*o.    19t>3, 
AbatmctaofProcwdiu-a^No.  771,     11*03. 

Earlemt  SoeitU  HoUawhiue  det  Seiene^ — ^Ari'bivt*  Keerlftnilniseiif  Tomo  VUL 
1,  Lit.     8¥o.     i9<>3- 

EorUcuUnTfil  Sccietjf,  ^oi-^ouroal,  VoL  XSVU.  Parts  2»  a.     Svo.     1902. 

Jchnti  Bofkmt  UniixTwitjf — American  JouruaL  of  PhOology,  YoL  XXIIL  No.  4. 
Svo.     19<K5. 

M^mhetUr  GeoittgiralSfmieiy—TrAJiM^iions,  VoL XXV III,  Parte  l-S.   8to.    1903. 

MkUordogi^  Societ>t,  ^o^ai--QiiRrtferly  JournnU  VoL  SXIX.  No.  125.   8to.  1903, 

Jf£droiOCifnoal^£W<«i^i  /fo^I— Journal  for  Feb,  lit03.     8fo. 

MiUiidk  Mmtrt,  €.  St  Co.  {the  Pu^ilMerO— Newaiia^ter  Prtas  D[i«ctury,  1903,   ito. 

Mmoow  C/iutwnly— Lti  Phjaioio^to  Busso,  Vol;!.  L  11.  1898-1902.    8to. 

^fflt^j/  X^ayiM — Nttvy  League  Journal  for  Ffeb,  11KJ3.     8to. 

A'ijrf/t  of  England  InxtfttiU  of  Mining  ami  Afeckanical  Engineera — Tran^actioni, 
Vol,  LILNo.  2.    Bvo,    lOia 

Odmtologiral  SocM*i/-TraiiB.ietumB.  Vol.  XX.XV-  No.  3.     Sto,     1903. 

Gnneis.  Fmfesmr  H.  K. — Communicatiooa,  No,  82.    8¥o.     1902. 

Pharmaceutical  Society  of  Great  Britain— JonniOil  for  Feb.  1903.     Bvo. 

Philaddphia,  Amdemy  of  Natural  Scienoe* — Proceedings,  Vol.  LIV-  Part  2,    Sfo. 

Photagraphie  Society,  Jio^ol— Pbntoijuaphio  Jonroal  for  Jan.  1903.    Sto. 
Jioeliixlumart,  La  8oci€lfltt  AmItdeM  8cienf;«M  et  Irir^Bulletin,  Tome  XI.  Na  6; 

T&xne  XIL  Nob.  L  2.     8vo.     190i. 
Ifei/ii(  Iri$h  JrotEmij/— Procet  dingft.  Vol.  XXIV.  Section  C,  Part  2.     S*o.     1902. 
^yal  i^ociety  of  London— Philoii(jphica.l  Trail B(ictioti&,  A.  No.  328;  B,  Niia.  211-^ 
21H.    4t*i.     1903. 
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WEEKLY   EVE3«rraG  MEETING, 

Friday,  Marcb  13,  1903. 

Thb  Right  Hoh.  Sib  J  amis  STmujro,  M,A,  LL.D.  F*B.S„ 
Vice-President,  in  tbe  Chair, 

Professor  Kam.  PfiAfisoK,  F.R.S. 

Character  Heading  from  Eactemal  SiguM. 

[ABffTBACT,] 

Refebrino  to  tbe  delineatioti  of  cbamcter  by  pbyBioguomjr,  pbren 
ology,  palmistry,  baDdwritiog,  etc*  be  said  that  tbe  only  way  of 
determinJi^g  vvb ether  tb^e  was  any  trutb  in  these  methods  was 
dull  way  of  statistics.  To  this  end  be  bad  for  six  years  been 
obtaining  ob&eryations  on  Bobool  children^  and  bad  now  some  6,000 
records,  about  half  being  of  boys  and  half  of  girla ;  the  ob&crvatioDs 
on  the  boys  werej  howeTer,  the  only  ones  tbat  so  far  had  been  re^Jucei!. 
In  connectiou  with  tbe  problem  he  thought  tbat  folk-belief  also  should 
b©  coesidered.  For  infitance,  eo  far  us  he  knew,  tbe  colour  of  Jndi 
Iflcariot's  hair  was  uot  recorded ;  yet  by  the  old  masters  Judas  waft 
painted  with  red  hair,  and  in  directions  for  passion  pUyg  bii 
representative  was  ordered  a  red  wig.  In  proverbs  a  general  pr^ 
judioe  against  red  bair  was  apparent,  and  the  curly-haired  person 
also  Aeetiied  to  be  objectionable.  Again^  why  was  roundness  of  face 
associated  with  foolisbness  (e.g.  Ani<^y  and  Cleopaira^  Act  111,, 
8c.  3)  ?  What  about  "  fat-headed  "  people  ?  and  why  were  shrewd 
people  called  *'  long-headed  "  ? 

The  rest  of  tbe  lecture  consisted  in  tbe  exhibition  of  stattsticAl 
tables  showing  tbe  degrees  of  correlation  between  certain  mental 
characters  and  certain  physical  fL'stures,  as  indicated  by  the  records 
mentioned  above,  which  were  tbe  results  of  observations  and  measure- 
ments of  a  number  of  sohoolmiisterfl.  The  compariscm  of  hair-colonr 
and  eye-colour  with  temper,  health,  conscientiousDess^  intelligence, 
populanty^  etc.»  yielded  the  general  conclusion  that^  on  the  whole, 
tbe  red  boys  were  more  conscientious,  more  q^uick- tern  jeered,  and 
more  delicate,  the  black  ones  being  lees  conscientious,  more  suUen, 
ftnd  less  delicate.  There  secnied  to  be  a  good  deal  in  the  attempt 
to  read  character  by  htmdwriting^  and  the  investigation  of  2000 
specimens  of  li  and  writing  (classified  into  seven  classes  according  to 
general  goodness)  indicated  that  bad  writing  was  a  warning  note. 
With  regard  to  the  connection  of  size  of  head  with  intelligence,  the 
data  taken  from  1000  Cambridge  undergraduates  showed  that  on  the 
whole  tbe  head  was  longest  in  those  who  took  first^olass  honours 
and  shortest  in  poll-men^  but  there  was  not  enough  correlation  to 
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render  prediction  possible :  all  that  ooold  be  said  being  that,  if  we 
oonsidered  two  in  100  to  be  men  of  exceptional  ability,  their 
aTerage  head-length  wonld  be  greater  than  54  per  cent,  of  the  com- 
mnnity  and  smaUer  than  i4  per  cent. 

Again,  there  was  a  high  correlation  between  intelligence  and 
aptitude  for  athletics,  and  the  tendency  was  for  the  athletic  boj  to 
be  healthj,  intelligent,  quick-tempered,  not  sullen,  self-consciouB, 
noisy  aboye  the  aTerage,  and  distinctly  popular. 

In  conclusion,  Professor  Pearson  thought  a  real  science  of  judging 
character  was  to  a  certain  extent  possible,  though  we  should  ne?er 
be  able  to  predict  of  the  individntd  or  to  say  more  than  that  there 
was  a  measurable  probability  of  his  &lling  into  a  certain  class.  A 
known  probability,  not  definite  knowledge,  was  the  only  bada, 
howerer,  upon  which  we  were  able  to  act  in  nine  cases  out  of  ten  in 
practical  life. 
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WEEKLY   EVENING   MEETING, 

Friday,  March  20,  1903. 

Sib  Jamss  CaioaTDN-BBowNB,  M.D.  LL.D,  F-E,8.,  Treaeurer  aad 
Yice-Pr^identj  in  the  Chair* 

PBorj:£80s  E.  A.  ScHiFifi,  LL.D.  F.K.S. 

Th^  PatJis  of  VoUiion. 

On  the  81st  of  March,  1596 — juet  three  hundred  and  seyen  years  ago 
—there  was  boru  of  a  noble  family,  at  La  Haye  in  Toarainc^  liend 
Descartes  ( whose  portrait  I  hero  place  before  yon),  one  of  the  greatest 
thtQkers  of  that  or  any  other  age*  This  was,  be  it  remembered,  the 
age  of  Shakespeare,  of  Hembrandt  and  of  GaMleo ;  a  period  of  extra- 
ordinary progTCBS  ia  Literature,  art  and  science.  The  edncation  of 
Descartes  he  him  self  testiliefi  to  have  been  excellent  of  its  kiiid.  He 
was  brought  up  from  the  age  of  eight  at  the  College  of  La  Flfeche,  **  oue 
of  the  most  eelebrated  echools  of  Europe,"  conducted  by  the  Jesuits, 
who  have  always  been  famous  for  the  thoronghness  of  their  teaching. 
Bat  since  the  kind  of  educatiou  which  they  imparted  was  similar  to 
that  which  still  survives  in  the  public  achoo)  fiystem  of  this  country, 
it  wii«  little  calculated  to  satisfy  the  inquiring  spirit  of  the  future 
philosopher,  who  left  the  college  at  the  age  of  sixteen  **  loaded  witli 
laurels,  and  still  more,"  aays  one  of  his  biographers,  **  with  pbilo- 
Bophic  doubts."  The  story  of  his  disgust — at  a  much  later  period  of 
his  life — at  hearing  that  Queen  Ciiristina  was  spending  several  hours 
a  day  in  the  study  of  Greeks  and  his  remark  that  it  was  no  evidence 
of  learning  to  have  an  acquaintance  with  Latin  no  better  than  that 
which  was  possessed  by  the  lioman  jiopulace,  have  often  been  quoted»i 
After  spending  three  years  in  Paris  he  determined  to  educattt^ 
himself  by  seeing  the  worlds  rightly  coneidering  the  proper  stndy  of 
man  to  be  mankind.  Solely,  it  would  appear,  with  this  object  in  yiew 
he  enrolled  himB^elf  as  a  vghmteer  in  the  army  of  Prince  Maurice  of 
Nassau^  assisting  at  the  siege  of  Breda,  Two  or  three  years  later 
he  transferred  his  serricos  to  the  Duke  of  Bavaria,  then  commanding 
the  Catholic  forces  in  tha  Thirty  Years  War,  and  wae  present  at  the 
battle  of  Prague.  Under  all  these  strange  conditions  D^caxtes 
continued  the  mathematical  Inveatigations  which  he  had  already  oom- 
menced  in  Paris,  and  whilst  still  nccupied  with  soldiering  he  found 
time  for  the  pursuit  of  the  studiea  to  which  he  had  resolved  to  devote 
his  energies.  It  was  at  this  time  that  he  excogitated  his  famouA 
Method  of  pursuing  the  etudy  of  science,  and  the  earlieat  result  of 
that  excogitation  was  the  discovery  of  the  application  of  algebra  to 
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the  solution  of  goometrical  problems — a  diacoTery  whieh  was  m&de  at 
tiie  ftge  of  23.  Qaitting  the  army  in  1621  be  travelled  in  various 
|iart«  of  Earope  for  a  time,  and  presently  found  his  way  again  to  Paris, 
where  he  made  acquaintance  with  many  of  the  prominent  literary  and 
scieiitific  men  of  the  day.  Franca,  however,  was  not  a  safe  place  to 
reside  in  for  anyone  who  wm  inclinetl  to  be  speculative  in  tli©  regioua 
of  science  and  metapbysicg.  He  accurdingly  made  np  bis  miod  to 
settle  in  Holland,  and  in  1625  he  proceed ed  thitht^r  and  resided  there 
for  nearly  20  years.  It  was  here  that  he  published  eventually  hia 
iSunons  ^  Dissertatio  de  Methodo/  as  well  as  a  faeries  of  essayg  em- 
bfacing  metaphysics  and  nearly  all  the  natural  sciences.  Uaving 
acquired  some  knowledge  of  anatomy  he  began  to  formnlate  original 
td«i»g  on  the  subject  of  human  physiology,  which  were  published 
(with  otbw  essays  on  metaphysics  and  physiee)  iu  aa  essay  which  is 
oootoaned  in  the  ancient  tome  upon  the  table  before  me,  the  ti tic- 
page  of  which  1  show  yo«  in  the  lantern.  It  was  in  this  essay  that 
lie  set  forth  htB  conception  of  the  tiervous  system.  The  brain  had 
loog  been  recognised  as  the  seat  of  intelligence  ;  Descartes  proceeded 
to  further  localisation,  considering  one  particular  spot  in  the  centre 
of  the  btaiOf  the  conariura  or  pineal  gland,  to  bo  more  especially 
the  seat  of  the  sonL  He  was  acquainted  with  the  fact  that  through 
the  spinal  marrow,  and  the  nerves  issuing  from  it,  the  brain  was 
brought  into  connection  with  sensory  snrfaccG  and  with  muscloSj  and 
be  formulated  a  scheme  of  the  manner  in  which  a  eenttory  impression 
may  be  transformed  into  movement.  Looking  upon  the  nerves  as 
lubolar  cords,  along  which  might  Sow  that  entity  to  which  the  older 
writers  applied  the  term  ^'  animal  spLrita  *' — and  which  we  in  these 
modem  times,  without  really  knowing  anything  more  about  it  than 
they  did,  now  apeak  of  as  "ner?ous  impulses" — l>e8cartefi  supposed 
that  they  (the  nerves)  might  possess  some  kind  of  valvular  arrauge- 
ment  by  which  the  animal  spirits  are  directed  into  this  or  that 
ehauneU  v^itb  the  view  of  producing  this  or  that  movement;  in  a 
modified  form  this  supposition  has  been  revived  in  modern  physio- 
logy. As  is  plain  from  the  diagrams  which  I  here  show  vou»  he 
clearly  conceived  that  when  a  voluntary  movement  is  performed 
it  ig  the  result  of  impulses  which  are  carried  to  tbe  brain  along 
aensory  nerves,  and  which,  being  transferred  within  the  brain 
along  motor  paths,  cause  anch  movement.  Ko  e3c:plaiua,  in  the  page 
here  produced,  how  contact  with  the  tire,  A,  ^^roduces  an  effect  which 
It  pfofwgated  along  the  nervous  cord,  C  (which  he  compurus  to  the 
e&td  of  a  bell),  so  tliat  instantaneously  at  the  other  ond  of  the  cord 
an  effect  is  produced,  at  the  siiat  of  intelligence,  tif  such  a  nature  that 
the  •*  antm<d  apiritB,"  or  "  nervouB  impulsea,**  are  made  to  pass  by 
apfiropriate  nervous  channels  so  m  to  cause  &ueh  a  inoveiuent  as  to 
fend  off  the  fire.  Descartes  did  not  clearly  ilistidguish — this  was 
not  indeed  done  until  nearly  two  and  a  half  ocuturies  later — between 
what  is  commonly  spoken  of  as  a  reflei  action  (not  ueceBsarily 
aceompanied  by  cousciousnei^g)  and  volitional  action  which  we  are 
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ftcctistomed  to  Bsaomaie  with  conscious  eensation.  It  is,  infact,  one  of 
lilid  most  difficnll  probleoift  in  phyBioIogical  pejchology  to  differen- 
tUle  in  all  cases  betweeo  thetie  forms  of  iDOTeioeDt;  aliboiigh  itt 
m«iiy  instaDc^s  the  distLoctioa  is  endent  enough.  MaDj  actioDa  lie 
on  the  borderlaiiil,  and,  to  iuclude  these,  psjcholo^etB  bare  inTeatetl 
I  the  term  ^  p&ycbical  reflei»"  by  which  they  mean  a  kind  of  aatioti 
which  in  a  measoro  partakes  of  the  nature  of  a  purely  refiei  action, 
hut  which  19  tieirertbelec9  set  going  ab  the  reetilt  of  <3oii6ciuasne&s. 
But  since  it  must  be  admitted  that  every  voluntary  action,  however 
[  speotaiteons  it  may  appear,  tB  the  regnlt  of  anteceilent  impre^aionR 
wbieh  have  reached  die  brain  by  sensoiy  patha,  the  distinction 
between  a  psyohieal  reflex  and  a  volitional  act  is  one  nut  easily 
^  maintained.  There  is  no  donbt  that  Tolitional  impulses  originate 
f  3D  and  emanate  from  the  cortex  of  the  brain.  Bnt  when  we  use  the 
word  originate,  we  must  be  careful  to  remember  that  no  such  im- 
pulse would  ever  emanate  from  the  cerebral  cortex  unless  sensory 
impulses  of  one  kind  or  another  bad  »t  some  time  previottsly  been 
CoHimujiicAted  to  that  cortex.  It  ig  only  in  thtB  Bense  that  we  can 
speak  of  a  volaDtary  impulse  aS  originating  in  the  brain.  In  muny 
cases  il  IB  quite  obviuOB  that  this  is  not  their  real  origin.  If  I, 
for  example,  receive  a  slap  in  the  face,  my  immediate  impulse  is 
to  return  the  blow  with  interest,  and  this  would  probably  be  termed 
a  *'  psychical  reflex/'  but  if  the  circomRtancL^s  are  such  that  it  is 
impossible  at  the  m^iment  to  perform  that  action,  which  hasobviouBly 
been  started  by  the  sensory  impression  which  I  have  received,  this 
impression  jb  stored  for  a  while  witbin  tbe  grey  matter  of  the  brain, 
to  be  btoDgbt  out  at  a  convenient  opportunity  and  converted  into  the 
*^ volitional  impulses"  which  will  enable  me  to  effect  my  purpose, 
in  the  one  case,  as  in  the  other,  the  movement  is  called  into  play  by 
the  same  sensory  impulse  as  originally  reached  the  brain.  What  we 
call  TolitioQ  is,  ns  a  matter  of  certainty,  the  resultant  uf  sensory 
impressions  which  have  been  previuue  received,  and  which  may  or 
^may  not  have  been  stored  for  a  louf?  time  within  the  eerebi-al  grey 
matter.  The  part  of  that  grey  matter  from  which  they  emaui^te  is 
at  the  present  day  fairly  well  known*  The  obst^rvations*  on  cortical 
localisation  which  were  begun  by  Pritsch  and  Hitsig  in  1870,  and 
brilliantly  continued  by  Ferrier  some  three  jears  later,  have  been 
of  late  years  extended  still  further,  both  by  clinical  observations 
upon  the  human  subject  and  by  the  work  of  many  experimentalists^ 
As  a  result  of  the  most  recent  investigations,  those  of  Frofeasor 
Sherrington  and  Dr.  Griinbaum  upon  the  brain  of  the  chimpanzee,  it 
has  been  made  clear  that  it  is  from  the  part  of  the  cerebral  cortex 
which  lies  immediately  in  front  of  the  tissure  of  Rolando  that  im- 
pulses for  the  volitional  movement  of  all  parts  of  the  body  emanate. 
The  problem  that  I  propose  to  put  before  you  this  evening  is^  the 
consideration  of  the  paths  which  are  followed  within  the  nerve  centres 
by  these  volitional  impulses,  in  the  passage  from  the  grey  cortical 
layer  of  this  part  of  the  cerebrum  to  the  grey  matter  of  the  spinal 
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ixinl  juid  olber  lower  nerre  centres^  (mtm  which  the  motor  nerve 
fibres  which  carry  those  imptilsefi  to  the  mtiscles  directly  emerge. 

But  before  actually  prooeedrng  to  coneider  thifi  qnefition,  I  must 
fift?  ft  word  OS  to  the  methods  which  are  emplojed  to  eolve  iL  On 
the  dreoijig  of  Friday,  the  31st  of  May,  1B61,  a  discourse  was 
delivered  io  this  tljeatre,  which  contained  an  account  of  a  discovery 
of  first-rate  inxportanoo  in  the  physiolo^  of  the  nervous  sy  ft  tern* 
Thia  discourse  was  prepared  by  Augustus  Waller/  the  distinguished 
father  of  a  distinguished  son,  himself  wul]  known  to  memhors  of  the 
Eoy al  Institution  as  having  cjccupied  for  a  time  the  position  of 
Fnllerian  Lecturer  in  Physiology.  Waller  had  noticeil  (some  ten 
years  previously)  that  after  any  nerve  had  been  cut,  one  part  of  the 
eul  nerve,  that  namely  which  was  fartheet  from  the  nerve  centre^ 
■bowed  after  a  few  di^y^  a  remarkable  degeneration  of  its  fibres, 
which  has  ever  since  been  known  as  the  *'  Wallertan  degeneration  '* 
(Diagram  7),  The  drawing  which  I  here  exhibit  to  you  (7)  is  one 
made  by  Mr»,  Waller  from  on©  of  her  hn^sbaod's  preparationSt  I 
have  had  it,  as  well  as  the  portrait  which  you  have  just  seen*  copied 
from  *  S^me  Apoatles  of  Physiology/  which  I  have  placed  upon 
the  table,  and  which  we  owe  to  the  erudition  and  litera,ry  regearc-h 
of  Profesaor  Stirling  and  the  liberality  of  Dr.  Whitehead  of  Man- 
obeeler  ;  a  book  vrhich  is  not  only  notable  on  account  of  it«;  arti»tio  nud 
literary  merit,  but  also  by  reason  of  the  fact  that  only  lUO  copies  of 
it  have  been  priut^^'il  (and  none  of  these  placed  on  the  market),  eo 
that  it  will  no  doubt  be,  in  time  to  come,  an  object  of  particular 
interest  to  the  bibliomaniac. 

Waller,  as  I  have  said,  observed  this  granular  degeneration  in  the 
l^eripbeml  pari  of  the  cut  nerve,  whereas  in  the  centjal  part  there 
was  no  such  appearance  to  be  seen.  Proceeding  further,  he  noticed 
that  when  a  nerve  upon  which  there  is  a  ganglion  (a  collection  of 
nerve  chills,  such,  for  example,  as  that  upon  a  prnterior  root  of  one  of 
tlie  spinal  nerves)  is  ent  so  se  to  sever  the  part  of  the  nerve  which  is 
connected  with  the  spinal  cord  from  the  ganglion,  it  is  now  the  more 
central  part  of  the  nerve  which  undergoes  degetierution,  whereas  the 
part  which  is  still  in  connection  with  the  ganglion  n^mains  unaltered* 
The  Wallerian  dc»otrine,  stated  in  present-day  language,  postulates 
that  a  nerve  fibre  undergoes  degeneration  when  it  is  cut  oflf  from  the 
cell  with  which  it  is  connectL^d,  and  from  which  it  has  originally 
grown.  From  it  and  m  connection  with  it  has  developed  a  corollary 
which  |>o8tul»tes  that,  at  ouy  rate  within  the  nerve  centres,  the  nerve 
ibre  only  couduots  nervous  impiili^es  away  from  the  cell  with  which 
It  m  tiainrully  connected.  This  is,  I  may  point  out  in  passing,  the 
rimv&l  of  the  valvular  idea  relating  to  nerve  paths  which  had  been 
■oggested  by  Descartes,  and  to  which  I  have  already  alluded.  If  the 
r  nerve  degeneration  is  true,  it  follows  that  if  we  cttt  ft  way 


*  In  point  ef  fact  the  discoar«e.  although  prepared  by  Waller,  was  read  for 
kiiCt  M  he  wo*  pre  re  a  led  bj  illat?S4  from  bomj^  himself  pretwat. 
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a  nerve  cell  or  group  of  nerve  cells,  all  tbe  fibres  winch  emanate  from 
them  will  undergo  tbe  flegeneralioD  in  question.  And  this  is,  in 
fact,  what  is  found  to  occur.  For  r  long  time  it  was  a  matter  of 
difficulty  to  trac<i  with  exactittnle  the  coui^e  of  single  uer^e  fibres, 
whiclj,  in  conBeqnence  of  remoTal  of  their  cerve  celb,  or  of  their 
being  cut  off  from  these  nerve  eells,  h«d  undergone  Wallerian 
degeneration.  But  a  method  of  staining  the  granules  of  the  de- 
generated fibres  was  devised  some  yeaj^  ago  by  an  Italian  bietologist, 
Dr.  Marchi,  by  means  of  which  the  granules  become  stained  intensely 
black,  while  normal  nerve  fibres  remain  unstained.  By  this  method, 
it  bccomee  iKwsible  to  trace  degenerated  fibres  in  all  parts  of  tha 
nervous  eeutroe,  and  not  only  in  battalions  but  even  as  single  spies. 
It  is  hardly  likely  that  Waller  himself  appreciated  the  full  signifi- 
cance of  his  difioovory.  He  could  not  have  foreseen  what  a  master^ 
key  he  had  produced,  nor  hoiv  many  doors  of  the  secret  passages  of 
the  nervous  system  w^ere  to  be  opened  by  it  Although  it  is  the 
Wallermn  metho<l  which  has  mainly  contributed  towards  the  recent 
progreee  of  our  knowleflge  regardiug  tho  paths  of  conduction  in  the 
f^autrat  nervous  system,  it  has  been  assisted  by  another  method,  that 
of  Flechsig,  which  depends  upon  the  fact  that  different  tracts  of 
fibres  in  the  central  nervons  system  undergo  development  at  dilferent 
periods  of  growth. 

It  will  of  course  be  understood,  from  what  I  have  said,  that  in 
order  to  employ  the  Waller! an  method  it  is  necessary  to  effect  in 
animals  section  of  the  nerve  fibres,  the  course  of  which  it  is  proposed 
to  follow,  or  to  remove  altogether  the  cells  with  which  those  nerve 
fibtes  are  *^onnected  ;  that  is  to  say,  the  Wallerian  method  ie  an  er- 
}>erimcntal  method  applied  to  the  elucidation  both  of  the  structure 
and  functions  of  the  nervous  itystem.  Frequeutly  Nature  herself 
makes  such  experiments  for  us,  when  for  example,  as  the  result  of 
diBease,  lesions  become  established  in  tho  brain  or  Bpinal  cord,  which 
sever  nerve  tracts  or  destroy  groups  of  nerve  cells.  Bnt  such  experi- 
ments are  rarely  ad  deliitite  in  their  character  as  those  which  we 
ourselves  plan  out  and  make  to  order,  although  they  are  of  value  in 
establiBhing  for  the  human  subject  the  truth  of  observations  which 
have  been  already  made  in  animals  Barely  have  such  natural 
experiments  by  theniselvea  led  to  the  actual  discovery  of  an  un- 
questioned fact.  An  exception  must  he  made  in  connecttou  with  the 
subject  with  which  I  am  dealing  to-night,  namely,  *'  The  Path  of 
Volitional  Impulses  from  the  Brain  to  the  Spinal  Cord ;"  for  it  waa 
first  noticed  (by  Tiirck)  in  the  human  subject  that  lesions  oi  the 
cerebral  hemisphere  occasioned  by  disease  are  followed  by  the  occur- 
rence  of  Wallerian  degeneration  along  a  particular  tract  within  the 
brain  and  spinal  cord»  which  it  has  become  customary  to  eprak  of  as 
tbe  pyramidal  tract.  The  fibres  of  this  tract  originate  in  the  motor 
cortex  of  the  brain.  Hence  wo  can  trace  them  through  the  sub- 
jacent whito  matter ;  through  the  broad  band  of  nerve  fibres  which 
is  known   as  tho  internal  capsule;    through  the  iethmua  of  brain 
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Bdbstance,  whicb  i»  Icnowti  fts  the  bratn  ttem,  io  which  th#j  lie  at  the 
etirfaQe  in  a  ireatral  sit^ation^  forming  the  greater  part  of  the  ma^  of 
nerv^  fibi?ee*  which  ha^  been  tenned  the  foot  of  the  stem  (pes  pediXD- 
enli)  oir  (anata  ;  through  the  poas  Varolii,  where  they  are  coweaeA 
And  concealed  bj  tbe  tibres  which  emerge  from  the  hemispheres  of 
the  cerebellnm  ;  and  do^vo  the  irentral  part  of  the  medulla  oblongata, 
where  they  fonn  two  bulging  projections  on  either  side  of  the  midille 
Use.  Theee  projeetioDB  were  termed  bj  the  older  anatomists  tbe 
interior  pyramids,  and  tbia  name  has  giTen  rise  to  tbe  designation 
fffAmtdal  tracU  for  tho  fibres  which  we  are  tracing  and  which  are 
eoDlaiued  within  these  pyramids.  Finally,  from  the  pyramids  of  the 
tnedolla  oblo&gata  we  can  trace  these  same  fibres  crossing  the  middle 
line  in  brge  masses;  and  paeising  into  tbe  upper  part  of  tbe  spinal 
oordf  where  they  are  found  to  have  deserted  the  ventral  or  anterior 
tnrfaoe  to  which  in  tbe  medulla  oblongata  they  ^vere  coufinrid,  and  to 
lie  deeply  in  the  nervous  substance,  occupying  » large  triangular  area 
in  the  opposite  lateral  column  of  tbe  cord  The  general  structure 
of  tbe  parte  which  have  just  been  enumerated  is  shown  in  the 
accompanying  photographs  (8  to  17),  and  tbe  manner  in  which  tlie 
Wall  or  i  an  degeneration  can  be  followed  by  the  Marchi  method  is 
iUiiatrated  in  the  slides  which  I  now  show  you,  which  are  made  from 
prep«rationg  by  Br»  Sutherland  Simpaon,  and  illustrate  the  degenera- 
tionii  which  occur  in  the  pyramidal  tract  of  the  cat  as  a  result  of  injury 
or  removal  «f  the  motor  corteit  of  the  brain.  Not  all  the  fibres  in  the 
pyramidal  tract,  however,  go  into  tbe  opposite  lateral  column  of  tbe 
eord.  A  few  pass  into  the  lateral  column  of  the  same  side^  and  a 
variable  number,  in  man  and  the  anthropoid  apes  (but  not  in  any 
other  Miimals),  remain  for  a  while  in  the  neighbourhood  of  the  ventral 
or  anterior  fissure,  and  ouly  gradually  dieappear  from  it  as  we  trace 
them  down  from  the  cervical  region.  Ever  si  nee  this  great  pyramidal 
tract  of  fibres  has  been  recoguieed,  it  has  been  held  that  along  it  must 
pass  those  volitional  impulRee  which  originate  in  the  grey  matter  of 
tlie  hntin,  and  which  produce  the  movements  of  the  muscles  which 
■re  innervated  from  the  spinal  cord.  And  indeed  this  appears  to  be 
««tabliahed  by  inconteetible  evidence,  for  it  is  certoin  that  a  lesion  in 
any  part  of  tbe  pyramidal  tract  produces  a  corresponding  paralysis 
ill  tbe  lower  regions  of  the  body.  If  the  lesion  lie  abovb  the  place 
here  the  pyramidal  fibres  cross  to  the  opposite  side  (at  the  junction 
the  moduUa  oblongata  and  spinal  cord)}  the  paralysis  will  be  a 
' jsis  of  the*  opposite  Ijalf  of  the  body.  If  the  lesion  affect  the 
of  the  pyramidal  tract  below  the  decussation,  the  paralysis  will 
he  opon  the  same  aide. 

We  have  seen  that  these  pyramidal  tract  fibres  originate  in  cellfl 
^the  cortex  of  the  brain^  and  that  they  terminate  within  the  grey 
natter  of  tbe  spinal  cord^  and  within  corresponding  parts  of  the 
]D«diitla  oldottgata,  pons  Varolii  and  middle  hj-ain.  We  havo  also  seen 
that  tbe  impressions  which  they  carry  emerge  from  the  motor  nerve 
Delia  in  the  grey  matter  of  the  cord  and  pass  out  along  the  motor 
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nerves  to  th«  muscles.  The  pjr&mid&l  tmct  fibres  do  aot,  how^Ter, 
go  directly  to  the  ftnterior  home  of  the  cord,  where  the  large  motor 
ceLla  lire  sitnated,  bat  terminiite  in  what  is  commonlj  regarded  as  the 
sensory  part  of  the  grey  m attars  ^iz.  the  base  of  the  posterior  horn. 
Here  they  end  in  fine  rnmifications,  and  the  nervous  impulses  which 
they  convey  must  be  carried  to  the  cells  of  the  anterior  bom  by  pro* 
cee^s  of  other  nei-i^e  cells,  which  are  fouod  here.  In  this  way  the 
pyramidal  tract  of  fibres  connects  the  oortei  of  the  bmin  with  the 
motor  iJerve  cells  of  the  fipinal  cord.  The  sopt»ositiou  that  this  is 
the  path  which  volitional  impulses  take*,  in  order  to  pass  from  the 
bruin  to  produce  movements  of  the  muBcles,  thnB  rests  upon  a  broad 
basis  of  obserTatioQ. 

We  are  met^  however,  in  further  considering  this  question,  by  the 
remarkable  fact  that  the  pyramidal  tracts,  xrell  marked  as  they  are 
in  mammals,  are  entirely  absent  in  aU  vertebrates  below  mammals. 
And  yet  no  one  will  deny  to  the  fish,  the  frog,  the  lizard,  and  least  of 
all  to  the  bird^  the  power  of  eiercising  volition  over  its  muscles* 
There  must,  therefore^  exist  in  these  animals  some  path  other  than 
the  pyramidal  tracts,  which*  as  we  have  seen,  are  not  represented  at 
all  in  them,  hj  which  the  volitional  imptdaea  may  pas.^  from  the 
cortex  of  the  brain  to  pi'odnce  muvementa  of  their  voluntary  muaelea. 

The  path  which  connects  the  brain  cortex  of  the  bird  with  iu 
spinal  cord  has  been  the  subject  of  study  by  various  observers— in 
this  country  especially  by  Professor  Boyce  and  Dr.  Warrington — 
who  have  made  out  a  distinct  and  important  system  of  fibres  by 
which «  on  the  one  hand,  the  cerebral  cortex  is  connected  with  the 
mifldle  brain,  ami,  nn  the  other  band,  the  middle  brain  is  conxteeted 
with  the  lower  centres  in  the  spinal  cord  and  medulla  oblongata. 
The  situation  of  these  fibres,  which  do  not  form  an  unijitemipted 
path  as  in  the  case  of  the  pyramidal  fibres,  but  are,  as  vvn  have  ^een, 
interrupted  in  the  middle  brain,  is  not  the  same  as  that  taken  by  the 
pyramidal  fibres  of  mammals.  Now  since  it  is  certain  that  mammalfl 
have  been  developed  from  a  lower  type  of  vertebrates,  it  is,  to  My 
the  lea^t,  not  improbable  that  the  same  tracts  oa  exist  in  the  lower 
vertebrates  would  be  retained  and  sorre  to  some  extent  the  same 
purpose  in  the  mammah  In  other  wordB,  there  may  he  an  alternative 
path  in  the  mammal  by  which  volitional  impulses  can  be  carried 
from  the  brain  to  the  spiual  cord. 

This  supposition  is  rendered  the  more  probable  by  an  observmtitm, 
which  has  been  made  by  more  than  one  ex:perimentalist,  to  the  eflbet 
that  although  a  section  of  the  pyramidal  tracts  in  the  medulla 
oblongata  or  cord  does  in  fact  produce  voluntary  paralysis  of  the  parts 
of  the  body  below  the  section,  yet,  if  the  animal  be  kept  alive,  in  the 
course  of  a  few  days  or  weeks  there  is  considerable  recovery  from  the 
resulting  paralysi^t,  and  ultimately  volitional  movements  may  be  per- 
formed in  much  the  same  manner  as  before  the  lesion.  It  follows 
from  this  observation  that  there  must  exist  in  mamnmis  an  alternative 
path  for  volitional  impulses,  and  it  is  one  of  the  problems  which  1 
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have  lately  set  tuysolf  to  endear otu*  to  determiua  witbiu  what  part  of 
the  medalU  obloogata  and  i^pinal  cord  tliat  altematiya  path  runs. 
The  method  which  I  have  used  has  beeti  the  production  of  an  arti- 
ficial lesion  or  secticm  m  a  definite  portion  of  the  mednlla  oblongata 
or  »pinal  eord^  and  the  ohser?ation  of  the  etifeote,  whether  ^trnetural 
or  fnnctionaU  prodncefl  by  s^nch  lesions. 

Bnt  before  giving  yon  the  results  of  these  experimental  I  wish  to 
bring  before  your  notice  an  im[tortaut  tract  of  nerve  fibres  which,  in 
ecmformity  mth  tho  htw  that  norvous  impulseis  follow  degeneration, 
may,  like  the  pyramidal  tract,  be  regarded  ae  one  which  carriea 
des(^fnding  impulses  from  higher  to  lower  parts.  This  tract  of 
fibres,  which  was  first  deeeiribed  by  Ltiwenthal,  occupies  a  position  in 
the  anterior  part  of  the  cord  extending  somewhat  into  the  lateral 
region;  it  is  known  as  the  antero-lateral  desoendin^  tract,  or  tract  of 
Lowenthal.  The  termination  of  its  fibres  is  in  the  anterior  horn, 
where  their  ramifications  come  into  close  relationship  with  the  large 
motor  cells  which  are  so  characteristic  of  that  part  of  the  grey 
■wtter.  The  origin,  on  the  other  hand,  of  the  fibrcB  of  the  tract  in 
question  appears  to  bo  twofold.  For,  if  w©  trace  them  npwarde  in 
tections  ot  the  mednlla  oblongata  and  pons  Varolii,  we  fijtd  that^ 
wkOe  a  large  unmlter  of  them  emanate  from  a  group  of  cells  which 
are  accamnlateil  in  grey  matter  at  the  side  of  the  medulla  oblongata 
and  pons  Yarolii^  and  vvhich  is  known  as  the  nucleus  of  Deiters, 
othi^s  eome  from  a  yet  higher  part  of  the  brain  stem,  proliably  from 
ibe  part  known  as  the  anterior  corpora  q^uadrigeuaina,  although  their 
^Ln  has  not  been  quite  satisfactorily  determined.  Each  cell  of  the 
cleus  of  Deiters  sedds  its  nerve  fibre  towards  the  middle  line,  and 
e  fibre  there  bifurcates,  one  branch  passing  upwards  toi^arda  the 
mid^hr&iu,  where  it  ends  by  mmifjing  amongst  the  motor  celU  which 
give  origin  to  the  nerves  to  the  eye  muscles ;  the  other  braTieh  turning 
downwards  and  passing  into  the  spinal  cord,  where  we  eee  it  as  oue 
of  the  fibres  of  the  antero-lateral  descend  in  g  tract,  aud^  as  has 
abvady  boon  mentioned,  terminating  amongst  the  motor  cells  of  the 
tiKt«Hi^r  horn.  The  bundle  which  these  fibres  form  lies  on  either 
side  of  tho  middle  lino ;  and  from  the  fact  that  in  the  upper  portion 
of  tfei  course  it  m  placed  in  the  dorsal  or  posterior  part  of  the  brain- 
aldaa^  it  baa  come  to  bo  kunwu  qb  the  pofiierior  lon^Uudinal  bundle. 
But  as  this  posterior  longitudinal  bundle  passes  iIowd wards  iuto  the 
■pinaJ  cordi  it  comes  to  occupy  a  ventral  rather  than  a  dorsal  situa- 
lic»D«  and  the  name  posterior  longitudinal  bundle  now  becomes  & 
misnomer,  since  the  fibres  He  in  the  anterior  or  ventral  column « 

Tfaoee  fibres  of  the  antero-lateral  descending  tract  which  are 
traceable  higher  up  in  the  brain  stem,  form  a  bundle  lying  ventral 
to  the  postf^rior  lotigitndinal  bundle,  and,  as  W(^  have  seen,  originating 
apparently  in  the  mid-brain,  where  they  are  found  crostiing  over  from 
the  opp«Miite  side.  Their  estoct  origin  in  the  mid-brain  is,  as  already 
stated,  not  known,  hut  it  is  believed  that  they  arise  in  the  grey  matter 
of  the  corpora  quadrigemina,  which  correspond  with  the  optic  lobes 


276 


Profim&r  E.  A,  Scha/er 


[]Ifti€b20, 


of  birdi.  Now  it  Ib  preoieeljr  the  optic  lobes  in  birda  which  fnmiflh 
an  importaut  intennGdiate  station  for  the  mnm  tr&ct  of  fibres  con.' 
necting  the  cerebral  hemisphere  with  the  luwer  nerve  centrea,  and  on 
thifi  groQDd  alone  it  is  extremely  probable  that  the  bnodle  of  fibres 
which  w©  are  now  discHBSiug,  and  which  is  known  ws  the  ventral 
longitudinal  bundle,  ie  a  part  of  the  alternative  path  bj  which  roH- 
tiimal  itapulseB  tnay  pa^  from  the  ceit)bral  cortex  to  the  spinal  cord. 
Moreover,  ia  tnammak  alHO,  m  well  as  in  birds,  there  exists  a  s^vstem 
of  fibres  which  is  known  to  connect  the  cerebral  cortex  vvltli  the 
middle  brain,  and  which  has  quite  recently  been  the  subject  of  a 
special  investigation  by  Dr  BeeTor  and  Sir  Victor  Horisley. 

I  now  come  to  the  resulta  of  my  own  experiments.  I  have,  in  the 
first  place,  been  able  to  confirm  the  statement  that  section  of  one  or 
both  of  the  pyramids  of  the  medulla  oblongata^  involviiig  as  it  does 
section  of  all  the  fibres  of  the  pyramidal  tract  of  one  or  both  sides, 
prodnces  paralysis  below  the  teeion,  which,  although  complete  %t  first, 
is  not  lasting.  This  point  settled,  the  nes:t  object  waa  to  determine, 
what,  under  these  circumstances,  is  tho  alternative  path  along  which 
volitional  impulses  from  the  brain  to  the  anterior  horn  now  pass ;  and 
in  order  to  do  thiB  I  have,  both  as  a  primary  leaion  iiud  also  as  a 
lesion  secondary  to  the  injury  of  the  pyramidal  tract,  cut  the  antero- 
lateral descending  tract  upon  one  or  both  sides  of  the  cord.  For, 
froni  the  anatomical  relations  of  these  tracts,  and  especially  the  clo«e 
connectioD  which  they  have  with  the  motor  cells  of  the  cord,  it 
seemed  most  probable  that  the  alternative  volitional  path  wonld  pass 
along  them.  This  supposition  appears  to  he  confirmed  as  the  rtsult 
of  the  experiment,  for,  in  all  cases  in  which  the  antero-Iatoral  de- 
scending, tracts  are  cut,  there  is  very  prononiiceii  Toluntary  paralysis 
in  the  parts  of  the  cord  below  the  section. 

It  might  be  thonght  that  this  experiment  definitely  settles  the 
point,  and  that  we  may  conclude  as  a  result  of  it  that  there  are  two 
paths  for  volitional  impulses,  the  one  following  the  pyramidal  tract 
and  the  other  following  the  antero- lateral  descending  tracts*  The 
matter,  however,  Is  not  so  simple  as  it  seems;  and  in  order  to  illustrate 
this  I  have  only  to  bring  before  your  notice  a  remarkable  experiment 
which  was  performed  by  Dr,  Mott  and  Professor  Sherrington,  which  is 
itself  a  mollification  of  a  much  older  experiment  of  Sir  Charles  Bell, 
Sir  Charles  Bell  found  after  he  had  cut  the  sensory  nerve  of  the  face 
in  an  &b8^  that  thu  result  of  the  section  was  not  only  to  aboliBh  sensa- 
tion on  that  side  of  the  fece,  but  also  to  abolish  voluntary  at-tion  of 
the  facial  muscles.  Mott  and  Sherrington  extended  this  observation 
by  cutting  in  a  monkey  tho  posterior  roots  of  all  the  spinal  nervea 
which  supply  fibres  to  one  arm*  These  jmsterior  roots  contain,  as  is 
well  known, only  sensory  fibres,  and  yet  the  result  of  their  section  was 
tbe  production  of  just  ne  coiuplete  a  paralysis  for  voluntary  motion  as 
if  the  anterior  roots,  the  fibres  of  which  directly  conduct  impulses  for 
volition,  were  themselves  severed.  Mott  and  Shernngton  were  in- 
clined to  regard  their  experiment  as  indicating  that  volitional  impitlaes 
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ewi  Qulj  he  originftted  in  the  brain  in  consequenee  af  a  settsatiou  being 
cond acted  to  tbe  brain  from  the  ptrt  which  m  to  be  movad,  a  sensation 
probably  emanating  from  the  muscles  of  the  part  tbemselTes;  but  it 
appearB  to  m«  that  the  true  explanation  o{  the  experiment  in  that 
which  has  bot-n  given  by  Dr.  Cbarlton  Bastian,  who  has  pointed  011 1 
that  the  seTerance  of  the  posterior  roots,  by  cutting  off  all  a^eretit 
impreflsioDB  from  the  limb  to  the  grey  matter  of  Ibe  cord,  will  abolish 
tbat  oondition  of  the  muflcles  of  tb@  limb  which  is  kuo^n  ae  mttscular 
lomu,  by  Tirtne  of  which  the  mnsclee  arc  always  kupt  in  a  condition 
of  r^idiness  to  contract,  and  without  which  far  stronger  impnlses 
from  the  brain  are  required  to  act  upon  the  motor  nerve  cells  of  the 
cofd  ia  order  to  induce  moTementB  of  the  muscloa.  Mott  and 
Sherrington  indeed  noticed  that  when  an  animal  was  executing 
moremenfes  in  an  energetic  fashionf  the  paralysed  arm  participated 
in  the  moiremeuts,  and  they  also  found  that  the  apparently  paralysed 
innaclefl  can  be  called  into  activity  by  electrical  excitation  of  the 
oorresponding  part  of  the  cerebral  cortex. 

If  we  apply  the  teaching  of  this  experimout  to  the  experiment 
irbicb  I  have  just  placed  before  yon — viz.,  that  section,  of  the  antero- 
literal  coliimns  of  the  cord  produces  paralysis  of  voluntary  mot  ion 
below  the  lesion — we  see  that  it  ia  possible  to  explain  the  paralysis 
sol  De«esaarily  by  the  supposition  that  we  have  severed  a  volitional 
path  alonn  the  antero-laterat  tract,  but  by  supposing  that  the  Beveraace 
of  these  fibres  of  the  anteri>laterBl  tract  has  cut  off  impressions  which 
were  proceeding  to  the  anterior  horn  oells;  intpressionH  which  were 
helping  to  keep  them  in  such  a  condition  of  tonus  as  would  render 
tbeiD  prepared  to  send  out  nervous  impulses  with  great  facility  along 
the  oorresponding  motor  nerves.  That  the  section  of  the  antero^lateml 
tracts  may  produce  paralysis  as  a  cousequence  of  such  loss  of  tone, 
b  rendered  even  more  probable  by  an  observation  made  by  Professor 
E«rald,  who  fonnd  that  if  that  part  of  the  auditory  nerve— th©  vesti- 
bular branch — which  comes  from  the  semicircular  canals  is  severed, 
ur  if  the  semicircnlar  canals  themselves  are  destroyed,  there  is  pro- 
duoed,  besides  other  symptoms,  diminution  or  loss  of  tone  in  the 
muscles  of  the  body  gene  rally «  Now  matiy  of  the  fibres  of  the  vesti- 
bnlar  nerve  pass  to  the  nucleus  of  Deiters,  from  which,  as  we  have 
seen,  the  fibres  of  the  posterior  longitudinal  bundle,  which  go  to  the 
©cird,  originate  ;  and  it  is  therefore  very  possible  that  these  fibres  may 
carry  the  impressions  derived  from  the  vestibular  nerve  which  help 
tn  maintain  the  tons  of  the  motor  cells  of  the  cord.  Of  course  the 
cutting  of  the  antero-taleral  descending  tracts  would  out  o6r  such 
im|it««iiGCkt,  and  the  tone  of  the  motor-oells  would  bo  thereby 
dlmJoidiad.  Further,  it  must  be  borne  in  mind^  that  the  antero- 
lateral descending  tracts  of  the  cord  also  include  the  fibres  of  the  ven- 
ttftl  longitudinal  bundle  coming  from  the  mid-brain,  and  descending 
in  all  probability  from  cells  with  which  the  fibres  of  the  optic  nerve 
afe  in  close  connection.  And  it  is  probable  that  impulses  arriving 
along  this  sensory  path  also  assist  in  maintaining  the  tone  of  the 
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tDdfcor-csellit  of  tbe  cord  and  lower  level  ceDtres.  Ooe  most,  therefore, 
admit  the  po&sihility  that  the  paratvBis  wHcli  rc-gults  frcm  section 
of  the  &ntero-lAteral  defi^iendiiig  libreetM,  ihbj  be  at  least  in  some  me&suxe 
ooaiiected  with  this  diminntioti  of  fcuDe  of  the  motor  ap|«.rattis  of  the 
cord ;  nud  one  of  the  qQestioDB  which  we  haire  to  consider  i&  ^hetber 
this  hj  itself  is  a  sufficient  explanation  of  the  resulting  paraljBifi. 
The  qneation  is  not  an  easy  one  to  answer,  hat  it  may  be  stated  that 
ibm  paralysfs  which  is  produced  by  Bererance  of  the  antero-lateral 
descending  fibres,  is  at  first  so  complete  that  nerTons  impulses  which 
are  prodnoed  by  direct  electrical  excitation  of  the  cerebral  cortex  are 
nnable  to  affect  the  motor  appamtiia  of  the  cord,  whereas  in  Mott  and 
SberrLngton'e  experiment  excitation  of  the  cortex  produced  the  ubuaI 
contractionfi  of  th©  voluntary  muscles.  It  seems j  therefore,  probable 
that  the  fibres  of  the  anteto-Iat<?ral  dcgcendiug  tract  do  eerve  to 
convey  impnlsefi  from  the  volitional  centres  of  the  brain  to  the 
grey  matt^  of  the  cord  (even  althoogh  we  admit  that  by  way  of 
the  vestibnlar  nerre  and  the  ntioleus  of  Deitera,  and  by  way  of  the 
optic  nerve  and  the  corpora  quadrigemina,  impulses  may  aleo  pass 
along  those  fibres  to  assist  in  maintaining  the  tone  of  the  motor 
centres),  and  tbns  famish  a  path  for  volitional  impulses  other  than 
that  furnished  by  the  pyramidal  tracts ;  a  path  which  in  all  vertebrates 
below  mammab  is  sufficient  for  the  entire  conduction  of  volitional 
impulees  from  the  cortex  of  the  brain  to  the  motor  apparatus  of  the 
cokL 

[E.  A,  S.] 
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WEEKLY  EVENING  MEETING, 

Fridiiy,  March  27,  1903, 

Gkoroe  Matthkt,  Esq,,  F^R.S.,  Tioe-Preit*ieiit,  m  the  Ob&fr, 

Profissoe  W,  a.  HKMUfAff,  I>,So.  F.H.S. 

The  Ftarl  Fiihenu  of  Ceylon, 

Tb*  ©olebratctl  pewrl  "oysters"  of  Ceyloo  are  fouDd  mainly  in  oer* 
tiin  parte  of  tbe  wide  shallow  platoaii  which  occupies  the  upper  end 
of  the  Gulf  of  Manaar,  o£F  the  north-west  coast  of  the  island  and 
•tmlh  uf  Adam's  Bridge. 

The  animal  (Margaritifera  tmlgaria^  Schum,  =  Acicula  fumta^ 
Gould)  is  Bot  a  true  oyster,  but  hektngs  to  the  family  Avieulidm, 
sbd  is  thefefore  more  n^rly  related  to  the  tnnsiels  {Myiihte)  than 
to  the  oysters  (Oatrma)  of  oar  aeos. 

The  fisheries  are  of  very  groat  antiquity.  They  are  referred  to 
by  various  Classical  authors,  and  Pliuy  speaks  of  the  pearls  from 
Taprobane  (Ceylon)  as  *•  by  far  the  b^t  in  the  world,"  Cleojiatra 
ii  laid  to  bare  obtained  pearls  from  Aripu,  a  small  Tillage  on  the 
Gtdf  of  Manaar,  which  ib  still  the  centre  of  the  pearl  industry. 
Coming  to  more  recent  times,  but  still  some  centuries  back,  wo  have 
recordfl  of  fisheries  under  the  Singhalese  kings  of  Kandy,  and  sub- 
aoquently  under  the  successive  European  rulers^ the  Portugueso 
being  in  possession  from  about  1505  to  about  1655,  the  Butch  from 
thai  time  to  about  17 95^  and  tho  English  from  the  end  of  the 
eighteetith  century  onwards,  A  notable  feature  of  these  fisheriee 
under  all  admin  is  trati  one  has  been  their  uncertainty. 

The  Dutch  records  show  that  there  were  no  fisheries  between 
1?32  and  1746,  and  again  between  176B  and  17S6.     During  our  own 

bdme  the  eupply  failed  in  1S20  to  1828,  in  1837  to  1854,  in  1364 
sad  several  succeeding  years,  and  finally  after  five  successful  fisheries 
ill  1887,  1888,  1889,  18&0  and  1891  there  1ms  been  no  return  for  the 
liit  decade.  Many  reasons,  some  fanciful,  others  with  more  or  less 
biais  of  truth,  have  been  given  from  time  to  time  for  these  recurring 
fiuloTee  of  the  fishery ;  and  sereral  investigations,  such  as  that  of 
Dr^  Selftart  (who  uufiirtunately  died  before  his  work  was  oompleted) 
in  1857  to  1859,  and  that  of  Mr.  Holdeworth  in  1865  to  1869,  have 
been  undertaken  without  much  practical  result  so  far* 

In  September  1901,  Mr.  Chamberlain  asked  me  to  examine  the  re- 
oodU  and  report  to  him  on  the  matter,  and  in  the  ffdlowing  spring  I 
wi«  ijiTJte«i  by  the  Government  to  go  to  Ceylon  with  a  scientific  ansis- 
taDt,  and  undertake  any  investigation  into  the  condition  of  the  banks 
that  oi  ght  bo  considered  nccef^sary.  I  arrived  at  Colombo  in  January 
VouXVn.    (No.  97.)  V 
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1902,  ftud  ft0  so&B.  m  a  steamy  ooald  be  obtained  proceeded  to  the 
ptiftrl  banks.  In  April  it  waa  neoeea^rj  to  rclum  to  my  niuTersity 
duties  in  Ii?erpDot,  bat  I  unu  fortunate  in  baTing  taken  otit  wiih  me 
114  mj  assistant,  Hr.  James  Homell,  who  was  to  remain  in  Ce/lon 
for  at  least  a  jear  longer,  in  order  to  carry  ont  the  obgefYations  a&d 
experiments  we  had  arranged,  mnd  complete  oar  work.  Thie  pro- 
l^nime  hae  be^n  carrit^  out^  and  Mr.  Horn  ell  h&g  kept  me  snpplieii 
with  weekly  reports  and  with  s^pecimen^  requiring  detailed  examina- 
tion. 

The  18.  Lady  Hawdm^  was  placed  by  the  Ceylon  Government 
at  my  disposal  for  the  work  of  examining  into  the  biological  condi- 
tions surrounding  tiie  pearl  oyster  bauks  ;  and  this  enabled  me  on 
two  sucoc^ssire  crnises  of  tbree  or  four  weeks  each  to  examine  all 
the  principal  banks,  and  run  lines  of  dredging  and  trawling  and 
oilier  ofasiarTatious  across^  aroimd  and  between  them,  in  order  to 
aseerlain  the  oooditions  that  determine  an  oyeter  bed.  Towards  the 
end  of  my  stay  I  took  part  iti  the  annual  inspection  of  the  pearl 
banks,  by  means  of  divers^  along  with  the  retiring  Inspector «  Ci*ptain 
J.  Donnan,  C.M.G.»  and  his  eocsDeiiBor  Captain  Legge.  Daring  that 
period  we  lived  and  worked  on  the  native  barque  Mangamam^^ 
porawetf  and  bail  daily  opportunity  of  studying  the  methods  of  the 
native  diTers  and  the  result*  they  obtained. 

It  is  eTideut  tb&t  there  are  two  distinct  questiouB  that  may  be 
taised,— the  fim  as  to  the  abundance  of  the  adolt  "  oysters,"  and 
the  second  as  to  the  number  of  pearb  in  the  oyBters,  and  it  was  the 
first  of  these  rather  than  the  frequency  of  the  pearls  that  eeeuietl 
to  caU  for  inYestigitiiin,  since  the  complaint  has  not  been  ns  to  the 
number  of  pearls  per  adult  oyster,  but  as  to  the  complete  disappear- 
ance of  the  Bh  ell -fish.  I  was  indebted  to  Captain  Do  a  nan  for  much 
kind  help  during  the  inspection,  wh«D  he  took  puinri  to  let  me  nee  as 
thoroughly  B,ml  i^atisfactorily  as  possible  the  various  bunks,,  the 
different  kinds  and  ages  of  oysters,  and  the  couditions  under  which 
these  and  their  enemies  exist.  I  wiab  also  to  record  my  entire  satis- 
ftictiou  with  tho  work  done  by  Mr.  liomell,  both  while  I  wa»  with 
him  and  ali^  since.  It  would  have  been  quite  impossible  for  me  to 
have  got  through  the  work  I  did  in  the  very  limit^  time  bad  it  not 
been  for  Mr.  tiomeirs  skilled  assistance. 

Most  of  the  pearl  oyster  banks  or  "  Faars  *'  (meaning  rock  or  any 
form  of  hard  bottom,  in  distinctitin  to  **  Manul,"  which  indicaies 
loose  or  soU  sand)  are  in  depths  of  from  5  to  10  fathoms  and  CMsenpy 
the  uide  shallow  area  of  nearly  50  miles  in  length,  and  extending 
opposite  Aripa  to  20  miles  id  breadth,  wLich  lice  Ut  the  south  of 
Adam's  Bridge,  On  the  western  e<lge  of  this  area  there  is  a  steep 
declivity,  the  sea  deepening  within  a  few  miles  from  under  10  to 
over  100  fathoms ;  while  out  in  the  centre  of  the  sou  them  |mrt  of  the 
Gulf  of  Manaar,  to  the  west  of  the  Chilaw  Pearl  Banks,  depths  of 
bslWden  oup  and  twn  thousand  fn thorns  are  reached.  On  our  two 
in  the  Ladg  Haifelock  we  made  a  carelnl  examination  of  the 
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gromid  in  mYenI  plaees  outside  the  ha^ks  lo  the  weetwmi^,  od  tbd 
daitot  of  finding  beds  of  adnlt  ojsters  &om  which  possiblj  the  spat 
iepwiied  on  llie  iiifihoi«  bttslkB  nu^t  be  denTed.  No  such  beds, 
oatnde  the  tnowB  "  Bmis,**  were  found ;  i>or  sni  tliej  tilcelj  to 
e&st  The  boltoia  depoaili  in  the  ooeau  abTsses  to  tise  w«it  cf 
Cejlon  ftre  '^  ^obigKiiift  oosa,"'  and  **  green  mod,"  which  sre  entirel j 
diSeteat  in  n«tiK#  lad  erig|n  from  the  eo«rae  tenigetwus  s»Dd,  oflen 
osBMinted  into  majm<?ft,  uid  the  T&rions  cftleareous  tieHtie  depooita, 
■ndi  ss  oor&lg  ftud  nnUtpoies,  fonnd  in  the  ghsJlo^  wmtar  on  th@ 
buLks.  The  gteepeet  put  of  the  slope  from  10  or  20  fftthame  down 
to  fthoQl  100  thorns  or  more^  tR  along  the  tt estem  coast  mema  In 
iiMift  plsoes  to  hsTe  a  hard  bottom  ooTtered  with  Alejonaita,  sponges^ 
deop  mm  oorals  and  otlier  large  eDcmsting  and  dendritio  oTgamoma. 
Keitlier  on  this  slope  nor  in  the  deep  water  beyond  the  cliff  did  w« 
fnd  anj  ground  stiitable  for  the  pearl  ojster  to  liTe  npon. 

dose  to  the  top  of  the  steep  slope,  about  20  miles  from  land,  and 
in  depths  of  from  8  to  10  fathoms,  is  si  tasted  the  largest  of  the 
"  Paars,'"  tbe  celebrated  Feriya  Paar^  which  has  freqnentlj  figured 
ta  the  inspectors*  repoErts,  has  often  given  rise  to  hopes  of  great 
fiaberies,  and  has  as  often  caused  deep  disappointment  to  snocessiTB 
GoTtevnment  offiriaJs.  Tbe  Perija  I'^r  runs  for  abont  II  nautical 
imlea  noirtli  and  sonth,  and  Taries  from  one  to  two  mile«  in  breadth, 
for  a  ptar— *Iarge  extent  of  ground  becomes  periodlcallj 
with  jonog  oysters,  which,  however,  almost  inTariablj  dia- 
before  the  next  in9pec:tiotj,  Thii^  p«^ar  has  been  called  bj  the 
B«£9«B  the  *'  mother^paar "  nnder  the  impression  that  tbe  young 
oysters  that  come  and  go  in  fftbtiloas  numbers  migrate  or  are  carried 
inwards  and  supply  the  inshore  paars  with  their  popuUtionsi. 
Dtuing  a  careful  investigation  of  the  Periya  Paar  and  its  enr- 
ronndings  we  satbfied  ottrgeWes  tliat  there  is  no  basis  of  fact  for  thii 
belief;  and  it  became  cl^  to  us  that  the  sueecsiaTe  broods  of  young 
oyiteia  on  tbe  Perija  paar,  amounting  probably  within  the  last 
^Oftfter  oentnry  alooe  to  many  millions  of  millions  of  oysters,  which 
if  they  had  been  ssYed  wonld  have  coDstituted  enormous  fisheries, 
have  all  boen  orerwhelmed  by  natnral  causes,  due  mainly  to  the 
ionfignratton  of   the  ground   and    its   exposure  to  the  south-west 


The  following  Table  sbows,  in  brief,  the  history  of  the  Periya 
Paar  for  the  last  twenty-foiir  years : — 

Abnndaiioa  of  ytmn^  oyitere. 

No  oyiten  on  the  bank. 

AbitQtlatiCie  of  younj;  oysters,  6  to  9  m'^nibB  old. 

Oysters  i<tiil  ou  bank,  mixed  with  olbera  of  3  monttu  old. 

Older  oysters  gone^  and  very  tern  of  Ibe  younger  reiaaioiiig. 

Ho  oyaten  on  nank. 

AbaodftnL'e  of  young  oy«ters,  2  to  H  monthB, 

Oyftera  of  lojht  jrear  gone  aod  new  lot  come,  3  to  6  moDtlji. 

Oy«teni  of  liwt  year  goue ;  a  few  i^tchea  3  nwDtha  old  present 

No  crjtters  ou  Ibe  bank. 

xj  2 


Mar.  IS83. 
Mar.  1S83. 

Maf.  18^, 
Mar.  1 

KoT.  1887, 
Nor,  1888. 
Hot.  1889. 
M«r.l89S. 
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M».  189S.     Abimda^EKK  of  oyilfln  rti  6  month*  old. 

Mftf.  1894.    Ko  ajwtom  on  llie  bank. 

Mat.  1805.    Ditto. 

Mot.  1S96.    Abiind»iice  of  young  oyitetm,  3  to  6  montlia. 

Mar^  1897.    No  ojeten  present. 

Mat.  1898,     Ditto. 

Mbi.  189[>.     AbtandAiioo  of  ojatere,  3  to  6  nKintliB  old. 

Mtir.  1900.    Abandfl.nc«  of  oyatere  3  to  tJ  montb^  olJ ;  none  of  last  yeai^i 

remalniDg, 
Mar.  1901.    Oj^eii  present  of  12  bo  IB  montba  of  Age,  but  not  m  Diimettiiii 

ftfl  ill  preeedmg  year. 
llftT.  1902.     Yotitig  ojatem   atundajit,  2  to  3  months.      Only  a  few  enull 

patcbea  of  older  oyster*  (2  to  2|  years)  remfttning. 
No?.  1902.    All  the  oyflten  gt»n& 


It  is  abown  by  tbo  above  tbat  mnce  1880  the  baiik  h&g  been 
Diiturallj  re-fitocked  with  young  oysters  at  least  eleven  times  witliotit 
yieldiDg  a  fishery. 

The  tO-fathom  line  skirte  the  western  edge  of  the  paar,  and  the 
100 -fathom  line  is  not  far  outside  it*  Au  examination  of  the  great 
slofie  outside  is  sufficient  to  show  that  the  eoutb-west  monsoon 
miming  up  towards  the  Bay  of  Beugal  for  six  months  Jn  the  year, 
must  batter  with  full  force  on  the  exjiosed  seaward  odge  of  the  bank 
and  cause  great  disturbance  of  the  bottom.  We  made  a  careful 
survey  of  the  Periya  Paar  in  March  1903,  and  found  it  covered  with 
young  oysters  a  few  months  old*  In  ray  preliDunary  rejjort  to  ihta 
Government  written  in  July,  I  estimated  these  young  oysters  at  not 
less  than  a  hundred  thousand  Luillions,  and  stated  my  belief  that 
these  were  doomed  to  destruction,  and  ought  to  be  removed  at  the 
Kirliest  opportunity  to  a  safer  locality  further  inshore.  Mr.  Horuetl 
was  authorised  by  the  Governor  of  Ceylon  to  carry  out  this  recom- 
mendation, and  went  to  tlie  Periya  Paar  early  in  NoYember  with 
boats  and  appliances  suitable  for  the  work  ;  but  found  be  had  arrived 
too  lat«.  The  south -west  monsoon  had  intervened^  the  t>ed  had 
apparently  been  swept  clean,  and  the  enormous  |)opulation  of  young 
oysters,  which  we  had  seeu  iu  March,  and  which  might  have  been 
used  to  stock  many  of  the  emaller  inshore  paare,  was'  now  in  all 
probability  either  buried  in  Band  or  carried  down  the  steep  deolifity 
into  the  deep  water  outride.  This  experience,  taken  along  with  what 
we  know  of  ihe  past  history  of  the  bank  as  revealed  by  the  inspeotora' 
reports,  shows  that  whenever  young  oysters  are  found  on  the  Periya 
Paar,  tboy  ought,  without  delay,  to  be  dredged  up  in  bulk  and 
trauBplanted  to  suitable  ground  in  the  Cbeval  district— the  region 
where  the  most  reliable  paars  are  placed. 

From  this  example  of  the  Periya  Paar  it  is  clear  tiiat  in  consider^ 
ing  the  vitisaitudes  of  the  pearl  oyster  banks,  we  have  to  deal  with 
great  natural  causes  which  cannot  be  removed,  but  which  may  to 
some  eitent  he  avoided,  and  that  consequently,  it  is  necessary  to 
introduce  large  measures  of  cultivation  and  regulation  in  order  to 
iacroaso  the  adult  population  on  the  grounds,  give  greater  constancy 
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to  the  etipply»  ftod  remove  the  disappoiutiiig  fluotuations  in  the 
fishery, 

Thefe  are  in  addition,  howeTer,  various  minor  causes  of  failure 
of  the  fisheries  J  some  of  which  we  were  able  to  investigate.  The 
pearl  oyster  has  many  enemies,  such  as  star-fishes,  boring  sponges 
which  destroy  the  shell,  boring  Molluscs  which  snck  oet  the  animal, 
internal  Prok»2oan  and  VermeaD  parasites  and  carnivorous  fishes,  all 
of  which  cause  some  destruction  and  which  may  e<mspire  on  oocaaians 
to  ruin  a  bed  and  change  tbe  pro8^>eots  of  a  fiebery.  But  in  conneo- 
lion  with  such  zoological  ouemies,  it  is  necessary  to  bear  in  mind 
tbat  from  the  fisheries  pobt  of  view  their  iuflaeoce  is  not  wholly 
evil,  as  some  of  them  are  closely  oB8i>ciatetl  with  pearl  production  in 
tke  oyster.  One  enemy  (a  Plectognatbid  fish)  which  doubtless 
d^Tomrs  many  of  the  oysters,  at  the  same  time  receives  and  passes  on 
tho  pAf&slte  which  leads  to  the  production  of  pearls  in  others.  The 
low  of  Borne  individuals  is  in  that  caae  a  toll  that  we  very  willingly 
pay,  and  no  one  would  ^vocate  the  extermination  of  that  partieuliLr 
enemy, 

lu  fact  tbe  oyster  can  probably  cope  well  enough  with  its  animate 
enviraument  if  not  too  recklessly  decimated  at  tbe  fisheries,  and  if 
man  will  only  oompetisale  to  some  extent  for  the  damage  he  does  by 
giving  some  attention  to  the  breediug  stoek  and  '*  spat,"  and  by  trans- 
planting when  required  the  growing  young  from  unsuitable  ground 
to  known  and  reliable  "  paars.*' 

Those  were  the  main  considerations  that  impreesed  me  during 
our  work  on  the  banks,  and  therefore,  tbe  leading  points  in  the 
conclusions  given  in  my  preliminary  report  (July  1002)  to  the 
Governor  of  Ceylon  ran  as  follows  :  — 

1.  The  oysters  we  met  with  seemed  on  the  whole  to  he  very 
heftUhy. 

!i.  There  is  no  evidence  of  any  epidemio  or  of  much  disease  of 
Any  kind. 

3.  A  considerable  ouuiber  of  pHrasitcs^  both  oxterDal  and  internal, 
both  Protozoan  and  Vermean,  wore  mot  with,  but  that  is  not  nnuuual 
iii  Mollnscj^,  and  we  do  not  regard  it  as  afTootiitg  seriously  the  oystor 
population. 

4.  Many  of  the  larger  oysters  were  reproducing  actively, 

5.  We  found  large  quantities  of  minute  ^*  spat "  in  several  places. 

6.  We  also  found  enormous  q^uantittes  of  young  oysters  a  few 
months  oM  on  many  of  the  I'aais.  On  the  Periya  Paar  the  number 
of  these  probably  amounted  lu  over  a  huudred  thousand  million. 

7*  A  very  large  number  of  these  yrmng  oysters  never  arrive  at 
maturity.     There  arc  several  causes  for  this: — 

8,  They  have  many  natural  enemies,  some  of  which  we  have 
detonuined, 

9»  Some  are  smothered  in  sand. 

10.  Some  grounds  are  much  more  suitable  than  others  for  feeding 
the  yxioiig  oysters,  and  so  conducing  to  life  aud  growth. 
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11.  Pfob*bly  the  majority  are  killed  by  oTercrowding. 

12.  They  ehoald  therefore  be  tkmned  oat  tmd  trsiusplaQted, 

IS,  Thk  can  be  easily  and  speedily  done,  on  a  large  scale,  by 
dredging  from  a  steamer^  at  the  proper  time  of  year,  when  the  young 
oysterfi  are  at  the  best  age  for  tratisplanting. 

14  Finally  there  is  no  reasoti  for  any  despondency  in  regard  to 
the  future  of  the  pearl  oyster  fisbetitiSj  if  they  are  treated  scieatifiC' 
ally.  The  adult  oysters  are  plentiful  on  aomc  of  the  PaatB  and  seem 
for  the  most  part  healthy  and  vigorous  ;  while  young  oysters  iu  their 
first  year,  and  maases  of  minute  £pat  just  deposited,  are  very  abund- 
ant in  maoy  places^ 

To  the  biologiat  two  dangers  are  however  evident,  and,  paradoxical 
as  it  may  seem,  these  are  iwercrowding  and  oveFfitking*  But  the 
snperabandance,  and  the  risk  of  depletion  are  at  the  opposite  ends  of 
the  life  cycle,  and  therefore  both  are  poseible  at  once  on  the  aame 
ground— ^nd  either  is  sufficient  to  cause  locally  and  temporarily  a 
failure  of  the  pearl  oyster  fifihery.  What  is  required  to  obTiate 
theie  two  dangers  ahead,  and  ensure  more  ooustancy  in  the  fisberiea, 
is  careful  supcrTisbii  of  the  banks  by  some  one  who  bae  had  sufficient 
biological  training  to  understand  the  life-pToblems  of  the  animal, 
and  who  will  therefore  know  when  to  carry  out  simple  measures  of 
farming,  suoh  as  thinning  and  transplanting,  and  when  to  advise  as 
to  the  regulation  of  the  fisheries. 

In  connection  with  cultivation  and  transplantation^  there  ars 
various  points  in  structure,  reproduction,  Hfe-history,  growth  and 
habits  of  the  oyster  which  we  had  to  deal  with,  and  some  of  which 
we  were  able  to  determine  on  the  banks,  while  others  have  been  the 
subject  of  Mr.  Horneirs  work  since,  in  the  little  marine  laboratory 
we  established  at  Qalle. 

Although  Galle  is  at  the  opposite  end  of  the  island  from  the  pearl 
banks  of  Manaar,  it  is  clearly  the  best  locality  in  Ceylon  for  a  marine 
laboratory— both  for  general  zoology  and  also  for  working  at  pearl 
oyster  problems.  Little  can  be  done  on  the  sandy  exposed  shores  of 
Manaar  island  or  the  Bight  of  Condatcby^tho  coasts  opposite  the 
pearl  banks.  The  fisheries  take  place  far  out  at  sea,  from  10  to  30 
miles  oB'  shore  ;  and  it  is  clear  that  any  natural  history  work  on  the 
pearl  banks  must  be  done  not  from  the  shore,  but,  as  we  did,  at  sea 
from  a  ship  dnring  tbe  iusijectif^ms,  and  cannot  be  done  at  aO  during 
the  monsoons  bacanee  of  the  heavy  sea  and  useless  exposed  shore. 
At  such  times  the  necessary  laboratory  work  supplementing  tbe 
previous  observntious  at  sea  can  be  carried  out  much  more  aatifi* 
factorily  ut  Galle  than  anywhere  m  the  Gulf  of  Manaar. 

Tuining  now  from  the  health  of  tbe  oyster  population  on  the 
"  paars,*'  to  tbe  subject  of  pearl  foruiation,  which  is  evidently  an 
uiiheallhy  and  abeormal  process,  no  find  that  in  the  Ceylon  oyster 
there  are  several  distinct  causes  that  lead  to  the  production  of  pearls. 
Borne  pearls  or  pearly  excrescences  on  the  interior  of  the  shell  ara 
due  to  the  irritation  caused  by  boring  sponges  and  burrowing  worrn^. 
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Hjnate  grains  of  sand  und  otUar  foreign  bodiea  gftiniag  acoe&s  to  the 
body  inside  the  shell,  which  are  popularly  euppoaed  to  forni  th^ 
noclei  of  peftrls,  only  do  £o«  in  onr  eiperieuoe,  under  aicaplional 
oircnmstances.  Out  of  the  tnftny  pearls  I  have  decalcifiiod,  only  on© 
oont&tned  in  its  centre  what  wae  undoubtedly  a  gr&iu  of  eaud  ;  and 
from  Mr.  HomeirB  not^s  taken  since  I  left  Ceylon,  I  quote  the 
following  passage,  gbowing  that  he  has  had  a  similar  experience ; — 

**  Febroary  1  $,  UOZ—Earpearh.  Of  t  vo  decalcified,  one  from  the 
anterior  ear  (No,  148),  proved  to  liave  a  minute  quartz  grain  (mioro, 
preparation  25)  a«  titiclens/' 

It  seems  probable  that  it  i«  only  when  the  shell  is  injnreil,  as,  for 
example,  by  the  breaking  off  or  crusbiug  of  the  projecting  **ears," 
thereby  enabling  some  fine  aand  to  gain  access  to  the  int'erior,  that 
lueh  inorganic  particles  supply  the  irritation  which  gives  rise  to 
pearl  formation. 

The  majority  of  the  pearls  fonnd  free  in  the  tiaaues  of  the  body 
of  the  Ceylon  ouster  contain,  in  our  experience,  the  more  or  lesa 
easily  recognisable  remains  of  Platyulmian  parasites  ;  so  that  the 
ftimnlation  which  causes  eventually  tho  formation  of  an  "orient" 
pearl  is,  as  has  been  suggested  by  various  writers  in  the  past,  due  to 
infection  liy  a  minute  lowly  worm,  which  bet^omes  encaseil  and  diea, 
ibos  jostifying,  in  a  sense,  Dubois'  statement  that-^'^  La  plus  belle 
peric  n'est  done,  en  ddtinitive,  qne  le  brillant  sarcophage  d*nn  ver."  * 

To  Dr.  Kelflart  (1860)  belongs  the  honour  of  having  first  con- 
ncH;t«d  the  form  ft  tt  on  of  pearls  in  the  Ceylon  oyster  with  the  presence 
of  Veniienn  parasites.  It  is  true  that  Filippi  eeveu  years  before  (in 
1852},  showed  that  the  Trematode  Distomum  dupUcatum  was  the 
cause  of  pearl  formation  iu  tho  fresh -water  mug^el  AtiodontQf  and 
Knchenmeister  (1S56),  Moebius  (1857),  and  others  extended  the 
diaeoTerj  to  some  of  the  larger  pearl  oysters,  and  to  other  para- 
m%mi  bat  it  is  probable  that  Kelaart  knew  nothing  of  these  papers 
and  that  he  made  his  discovery  in  regar^l  to  the  Ceylon  oyster 
qnile  independently.  He  (and  the  3 wins  z^xdogist  Humbert,  who 
was  with  him  at  a  {>earl  fishery)  found  '*  in  addition  to  the  filarift 
and  cercaria,  three  other  jtartisittcal  worms  infesting  the  viscera  and 
other  parts  of  the  pearl  oyster.  Wo  bf)th  agree  that  these  wormii 
play  jin  jroj>ortant  part  in  the  formation  of  poarls ;  and  it  may  yet  b© 
found  p«>Bfiible  io  infect  oysters  in  other  beds  >vith  these  worms,  and 
thus  incrouso  the  quantity  of  these  gems/' 

Thoreton,  in  1894,  confirmed  Kelaart's  obBervation^  finding  in  the 
tiwues,  and  also  in  the  alimentary  catia),  of  the  Ceylou  oyster, 
'*lAmB  of  some  Platyhelminthian  (flat-worm)/' 

Gamer  (1871)  associated  the  production  of  pearls  both  in  the 
pearl  oysters  and  also  in  our  common  English  mussel  (i%tt7tf«  edulit) 
with  the  presence  of  Diatomid  parasites;  Giftrd  (1897)  and  oibdr 
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French  writers  lia^e  mftde  BimiUr  obserTatioDs  in  the  cikse  of  D^noz 
«id  other  Lataellibranohs ;  and  Dubois  (1901)  has  more  recently 
ascribed  the  production  of  pearls  in  mtisgels  on  the  French  eoaat,  to 
the  preeeDGe  of  the  Ifttra  of  3istomum  margaritartim,  Jameson 
(1902)  then  followed  with  a  more  detailed  account  of  the  relationB 
between  the  pearls  in  M^ftiluM  and  the  Distomid  larvie,  which  he 
identifies  as  Distamum  {BnichycGelium)  mmiiterim  (LevinBon),  Jame- 
son^fl  observations  wer@'  made  on  mnesols  obtAined  parti j  at  Billieis 
(Morbihan),  a  lo<AUty  at  which  Dabois  had  also  worked,  and  partly 
at  the  Lancashire  Sea-Fisheries  marine  laboratory  at  Fiel  in  the 
Barrow  Channel.  Finally,  BnlioiBhai  jufil  published  a  further  uote  • 
in  which,  referring  to  the  canBation  of  p^^arls  Iq  Mytil^m,  he  s&yft 
(p*  178):  "  En  aomme  oe  qae  ee  dernier  [Gamer]  aTait  tu  en  Angle- 
terre  en  1871,  Je  I'ai  retro  qt^  en  Bretagne  en  1901,  Qnelquei  jonn 
apr&s  mon  depart  de  Billiere,  M,  Lyster  Jameson,  de  Londree,  est 
Tenn  dans  la  m^me  locality  et  a  con  fir  m*^  le  fait  oheerT^  par  Gamer 
et  par  mol."  But  Jameson  has  done  rather  more  than  that  He  hae 
ahowxt  that  it  is  probable  (hig  own  words  are  ^^  there  is  hardly  any 
doubt ")  that  the  parasite  causing  the  pearl-formation  in  our  common 
mussel  (not  in  the  Ceylon  ** pearl  oyster")  is  the  larva  of  Digtomum 
tomaieri^!,  from  the  eider  duck  and  the  scoter.  He  also  beliet'ce  that 
the  larra  inhabits  Tapes  or  the  cockle  as  a  first  host  before  getting 
into  the  mussel. 

We  ha¥©  found,  as  Kelaart  did,  that  in  the  CeyloB  pearl  oyster 
there  are  soveraJ  dififerent  kinds  of  worms  commonly  occurring  as 
parafiitea,  and  we  shall  1  think  be  able  to  show  in  our  final  report 
that  Ceetodes,  Trematodes  and  Nematodes  are  aU  concerned  in  pearl 
formation,  UnUke  the  case  of  the  European  mussels,  however,  wo 
find  so  far,  that  in  Ceylon  the  most  important  cause  is  a  larral 
Cestode  of  the  Tetrarhynchus  form,  Mr.  Horuell  has  traced  a 
floneiderable  part  of  the  life  history  of  this  parasite,  from  an  early 
free-swimming  stage  to  a  lata  larval  condition  in  the  file  fish  (BaJtMifi 
fniii$)  which  frequents  the  pearl  bn^nks  and  preys  upon  the  oysters. 
We  ba^e  not  yet  suoceodeJ  in  finding  the  adults  but  it  will  probably 
prove  to  infest  the  sharks  or  other  large  Elasmobranchs  which 
devour  BalUles. 

It  is  only  due  to  my  exceUetit  aesifitarit,  Mr.  James  Homell,  to 
state  that  our  observations  on  pearl  formation  are  nminly  due  to 
him.  Daring  the  comparatively  limited  time  (under  three  months) 
that  I  ha4  on  the  banks  I  uaa  mainly  occupied  with  what  seemed 
the  more  important  question  of  the  life-conditions  of  the  oyster,  in 
yfww  of  the  frequent  depletion  of  particular  grounds. 

It  is  important  to  note  that  the^^e  interfiling  p«nrl-formafeion 
parasites  are  not  only  widely  distributed  over  the  Manaar  banks, 
but  al&o  on  other  parts  of  the  coast  of  Oeylon,    Mr.  Horuell  h»A 
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fmnd  Bali$le$  with  Ob  Costode  patusit©  both  ftt  Trmoomatte  aod  at 
GftUe,  ft  ad  the  sharks  also  occur  all  round  the  ialaudf  eo  that  there 
cau  be  no  qaestion  as  to  the  probiible  infection  of  oyaters  grown  at 
these  or  anj  other  soitable  localities. 

There  is  still,  however,  ranch  to  find  out  in  regard  to  all  these 
points,  and  other  details  affecting  the  life  of  the  oyster  and  the 
pi^jspcrity  of  the  pearl  fieherieis.  Mr,  Hornetl  and  I  are  still  in  the 
middle  of  mir  iiiveatigatione,  ftnd  this  raust  be  regarded  as  only  a 
preliminary*'  statement  of  results  which  may  have  to  bo  corrected, 
and  1  hope  will  be  considerably  extended  in  our  final  report. 

It  is  interesting  to  note  that  th^  '  Oeylon  Government  Gazette  * 
of  December  22  last,  announced  a  pearl  fishery,  to  commence  on 
February  22,  during  which  the  following  banks  would  be  fished  : — 

The  South -East  Cheval  Pasr,  estinuitod  to  have  49  million  oysters. 

The  Kast  Cheval  Paar,  with  11  millions. 

The  North-East  Cheval  Paar,  with  13  millions. 

The  Periya  Paar  Eerrai,  with  8  million— making  In  all  ofer 
80  million  oysters. 

That  fishery  la  now  in  progress,  Mr,  Hornell  is  attending  it,  and 
we  hope  that  it  may  result  not  merely  in  a  large  revenue  from  pearls 
hut  also  in  considerable  additions  to  onr  scientific  knowledge  of  the 
oysteie. 

As  an  incident  of  our  work  in  Ceylon,  ft  was  found  necessary  to 
fit  np  the  fldentific  roan's  workshop — b,  small  laboratory  on  the  edge 
id  the  sea,  with  experimental  tanks,  a  circulation  of  sea^water  and 
faciliti«8  for  microscopic  and  other  work.  For  severikl  reasons,  as 
was  nmntioned  aboTe,  we  chose  Galle  at  the  Bouthem  end  of  Ceylon, 
and  we  have  every  reason  to  be  satisfied  with  the  choice.  With  its 
large  bay,  its  rich  fauna  and  the  sheltered  collocting  ground  of  the 
lagoon  within  the  coral  reef,  it  is  probably  one  r»f  the  best  possible 
ftpots  for  the  naturalist's  work  in  Eastern  tropical  seas. 

In  the  interests  of  science  it  is  to  bo  hoped,  then,  that  the  Marino 
Labaratory  at  (lalle  will  sooa  be  established  un  a  permanent  basis 
with  a  suitable  equipmont.  It  ought,  moreovor,  to  be  of  sufficient 
UZ0  to  accommodate  two  or  three  additional  zoologists,  such  as 
raeniberfl  of  the  Staff  of  the  Museum  and  of  the  Medit^l  College  at 
Colombo,  or  scientific  t  is  i  tors  from  Bur  ope.  The  work  of  such  men 
would  help  in  the  inTesHgation  of  the  marina  fauna  and  in  the 
elnoidation  of  practical  probtemB,  and  the  laboraUjry  would  soon 
beoome  a  credit  and  an  attraction  to  the  Colony.  Such  an  inati^ 
intioii  at  Galle  would  ho  known  throughout  the  scientific  world,  and 
Votild  be  nsited  by  many  students  of  science^  and  it  might  reasouably 
bft  boped  that  in  time  it  would  perform  for  the  marine  biology  and 
the  fishing  industries  of  Ccyluu  very  much  the  same  important 
functions  as  tboso  fulfilled  by  thu  celebrated  Gardens  and  Laboratory 
at  Ptjradeniya  for  the  botany  and  associated  economic  problems  of 
Ihe  knd. 

[W.  A.  H,] 
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Tnt  EmHT  Hok.  Lohd  R&TLviGa,  O.M. 
M.A.  D.CX.  LL.D,  8c.D.  F.R,S* 

rtorwmoti  vr  XAitrmAL  Tmiuaearmt^  to. 

I}rop%  and  Surface  Tengion. 

Lohd  Batlbigs  introdtioed  Ms  snbject  by  show^iug  the  well-la 
experiment  of  water  rising  ineide  a  capiUary  tube  to  «.  higher  level 
than  thftt  at  whicb  it  stood  outdde,  and  explained  the  pheDonienoD 
as  a  compromtHf)  between  the  tendency  of  the  water  to  corue  in  eon- 
tact  with  the  glasB,  and  thus  creep  np wards,  and  the  tendency  of 
grarity  to  pnll  it  downwards.  Water  was  a  liquid  which  tended  to 
wet  glass,  but  if  one,  each  as  mercnry,  which  did  not  ha^e  that  ten- 
dency, were  employed,  the  opposite  effect  was  to  be  seen,  and  the 
liquid  did  net  rise  ineide  the  tube  so  high  as  it  did  outside. 

Lord  Eaylei^h  then  iUtiBttftted  the  effect  of  capillary  attraction,  or 
surface  tension,  in  detertnining  the  formation  of  drops,  iind  mentioned 
the  part  it  played  in  eoap-filnifi.  lie  next  discugeed  some  interestiog 
phenomena  depending  on  the  contact  of  materialg  with  water  not 
perfectly  pure.  For  example,  fragments  of  camphor  dropped  on 
perfectly  clean  water  immediately  were  set  in  rapid  rotatioo.  But 
if  the  surface  were  at  all  greasy,  CTen  to  the  extent  that  could  >*e 
produced  by  dipping  the  finger  in  the  water  for  a  few  seconds,  the 
rotation  stopped,  to  begin  again  if  the  greasiness  were  removed.  He 
had  calculated  that  a  thickness  of  oil  amounting  to  two-mil  lion  ths 
of  a  millimetre  was  enffioient  to  stop  the  rotation  from  taking  place. 

Extremely  small  amounts  of  grease  bad  no  e^ect  un  the  surface 
tension  ;  the  first  degrees  of  con  tH  mi  nation  produced  no  alteration  at 
all,  and  it  was  only  after  a  certain  qnantity  of  grease  had  been  added 
that  the  alteration  was  iiottceftlile,  though  it  thon  inerensed  very 
rapidly.  About  half  the  amount  of  oil  necetisary  tn  stop  the  camphor 
rotating  was  required  to  affect  the  surface  tension.  But  ono-millionth 
of  a  millimetre  we  might  suppoRO  to  be  about  the  diameter  of  an  oil- 
molecule;  hence,  short  of  the  point  where  the  snrface  tension  altered, 
there  was  only  a  single  layer  of  oil-molecules  on  the  water. 

Why  the  surface  tension  was  altered  by  a  greater  number  might 
be  indicated  by  an  analogy^  If  a  few  marbles  were  floating  sparsely 
on  mercury  J  they  did  not  offer  auy  particular  resistance  if  one  pushed 
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ihem  together  to  one  side  of  the  yeeeel ;  hut  there  was  a  resiBtanoe  if 
ihej  were  so  nnmeroas  as  completely  to  ooTer  the  meroury  surface, 
and  if  on  being  poshed  together  they  had  to  meant  one  on  top  of  the 
other. 

Finally,  Lord  Rayleigh  showed  his  aadience  the  effect  of  dirt 
or  grease  in  the  liberation  of  gas  from  champagne  or  soda-water. 
The  adheience  of  the  bubbles,  he  was  sorry  to  tell  them,  was  a  sign 
of  the  dirtiness  of  the  glass,  as  he  showed  by  patting  in  soda-water 
two  iron  rods,  one  treated  so  as  to  be  free  from  grease  and  the  other 
not,  when  the  bobbles  were  seen  adhering  to  £e  latter,  hot  not  to 
the  former. 
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GENERAL   MONTHLY   MEETING, 

Moaday,  April  6,  1D03. 

IHb  Grace  Tho  DaKE  or  Nosthouseblaud,  K.G.  D*C.L.  F.R. 
PresidoDt,  in  the  Obidn 

MigH  MJirgaret  Gordon  Anderson, 

Harold  Brown,  Esq. 

Thomag  WilioB  Chitty,  Eeq, 

Herbert  Tbomas  Crosby,  Esq.  M.A.  M,B.  E.G. 

Robert  Abbott  Had£eld,  Esq.  M.Inst. €.E. 

William  Waller  Pope,  Esq. 

Miss  Sopby  Felicity  de  Bodes, 

Mrs.  George  Orr  WilsoDj 

wore  elected  Bletnbertj  of  the  Royal  Inetitutiun. 

The  PfieaiNTH  received  Bince  tho  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz,  :— 

PttOM 

TJui  Lordf  ofihe  Admiralty— l^«.nti6A\  Almajiac  foi  1906.    Sro. 

Accademia  dei  Lined,  Hfoh',  ^ma— CIai«e  dl  Scienxe  Fisiohe,  Hatematiclie  c 

Natimli.     Atti,  Sede  Quinta:  Rendiootiti,    Vol.  XIL  1°  Semestre,  Faac. 

4r-6.     1903.    8vo. 
CluM  di  Bdietixfi  Momlt,  SUiriohe,  ete,  Serift  QmDta,  Vol.  XI.  Faac  U,  l^ 

Sm     1902. 
Ameriean  Aeadanjf  of  AH*  and  Siiiene6» — Prooeedinge,  Vol.  3LXXVU1.  Noa.  5-d. 

8tq.     19(»2. 
AiMTtcan  PhUo»oj4itc€d  Sbcwfj— Frotee^iingm  Vol.  XLI.  No.  I7h    9vo,     1902, 
Antiqtmri&f,  Soct^y  (if—Archaologia,  Vol.  LVIII.  P^rt  i-    4to,     1902. 

Pixicwdings,  Vol  XIX.  Nu.  L    8to.     1003. 
A^iutic  Soeief]^^  Ho^HBonJtxnf  firanc/0~JtiUiinnl,  VoL  XKI.  Na»  *i8.    Hvi.*.    llHlS. 
jliifottomical  Sockty,  /foyai— Munthly  N'otioes,  Vol.  LXHI.  Nw.  4.     IJKKS. 
AutomobUe  Clith — Juuroal  for  Miwcb.     4tti,     190H. 
Banherf,  InMUute  o/— Journal,  Vol.  XXIV.  No.  3.     8vo.     1903. 
Bmton  FiMie  IMjritry—yiontblj  Bulletin  for  March,  1903.    8vo, 
BriiUh  ArchiU'it,  Eot^id  IwttUuk  o/- Journftl,  Third  Berieis  Vol,  X,  Nos,  y-ll. 

4to.    v.m. 

Briiith  AUrmiomif^al  i4tf*(M!iai]tan— Joanial,  Vo^l.  Xill.  No.  5.    Sto.     1903. 
Braoklyn  InUiiuU  of  ArU  and  Setencei— Scienoe  BuUeliQ,  VoL  L  Na  R.    8m 

Buetmn  Aifren,  CUjf — Motttlily  Bulleiln  of  Mutiiciptil  Statbtics^  Jati.  1903.     4 to. 
OwKfr  A  Co.  (ifce  PiiWii/tflr*)— Familiaj  Wild  BirdB.    By  W.  Swaystiuid.    Pujt  L 

Sva     1003. 
Ch£mical  Indmity,  Sodettj  o/-^ouraftl,  VoL  XXII.  Noa,  4-«.    Sto.     1903, 

List  of  Membefa,  1303,    8vo, 
Chemicnt  ^ocifiy — Joiimfll  for  MarcIh-AprUt  190S,     SfOi 

Pratjocdmgih  Vol  XIX.  Nos.  ad2,  263*    Svo.    1903. 
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OtoMOt  Fii^d  Coiumbian  Miaaeum — FablJcatiotiA :  Anthropoloeioul  SerieCt*  VoL  IIL 
Ko.  3 :  Bot&nica]  Series,  Vol.  I.  No.  7 ;  Zoologifal  fSenea*  Vol  III.  No,  7. 
am    11*02. 
O^ngren*  Lflirary  o/,  IFoiAiijfliow— Report  of  the  Librarian,  19€'2.     8?o, 
Owpvfs,  rjAflodeiile  tiist  Sotmof « — BulletinB,  Claaae  des  tSoienoe*  MuibemuliqaeB 

ei  KKtiinslteft,  1908,  No.  1.    8vo. 
JMMa  &aUi»  JJoyo/— SciemUfle  TraHflaclirUB,  Vol.  Vli.  Not.  14-16;  Vul  VUI. 
Hal.    {to.    mrL 
Sdentlfic  Proce«diogt,  Vol  IX  Part  a.    8to.     1903. 
EooooEQic  Pn>oeediiipB,  Vol  J.  Part  B.    Sro,    1903. 
SHaburgK  lii>9al  Oidkffe  of  PhifmcfanM—h&ttoT&taty  Reports,  Vol  VI 1.     8  to. 

IdCKJ. 
Biihn — Ani«HouL  Jonriuil  of  Science  for  March,  I90:i,    8to. 
ABtrophyaicfr)  Journal  for  Mardu  1903. 
Athennum  for  March,  1903.    4to. 
AulbtT  For  March-April.  1003.    8vo. 
Boani  of  Ti*ltj  Journal  for  March,  1903.     8to. 
Brewers'  Jouroul  for  Miiroht  19<>3.     8vo. 
Chemio&l  Newi  for  March.  19i>il.    4to. 
Chcmiat  and  Dmggiit  for  March,  IU03.    8?o. 
Diopiiic  lieriew  for  March,  1 003.    8vo. 
Electrical  Engineer  for  March.  I&i)3.    fol 
Electricai  B«TJew  for  Marcb,  im'S.     4to. 
Kleetricftl  Timei  for  Maieh,  VMi.    4 to. 
lOMiricitT  for  March,  190B.    gvo. 
Hk^mnr  for  Msnb,  liJ4l3,    fol 
EnMiiecrii^  for  March,  19iKi.    fol 
ffllTdQB'a  Magisioe  for  March,  I^OH.    Svo. 
HonKBop^thic  Rerbw  for  March -April  I -^3-    Svo. 
Hoftkk>|iCAl  Journal  for  April,  100:^.     8to- 

JooTDiJ  of  Uio  British  DeDtuI  AflaociatioD  for  March,  190B,    Hto. 
Journal  of  Phjuical  Cliemistry  for  Feb.- March,  lW»a.     8¥0. 
Journal  of  ^tiite  MedloiTie  for  March.  19QS.    8vo. 
Iaw  Journal  for  Manih,  1003.     8vu. 

UiEidrvo  Teclmical  Etluoiiion  Gazette  for  March,  1903.     fol 
|jftdiitiei7  Market  fur  March,  l9iKi.     Bvn. 
Model  Engint-er  for  ilarch,  tw):j.    8to. 
Hoii  feientiatjue  fot  March,  l^MK^.     Svo. 
Motoff  Gar  Journal  fnr  Marcb,  imS,    8Ya 
Voiic^  Tiiiwe  for  Fcb.-Mareh,  imm,    8ro. 
Hftlare  for  March,  1903.    4to^ 
New  CUupch  Magnzino  for  April,  1903.    Sto. 
Noovo  Uimeeto  for  Jan.  1903     8to. 
Fig«*i  Bliij^due  for  March,  1303.     8io. 
Pbo*Qgrepbic  News  for  Mjircb,  I90a    8fo. 
Phjiionl  Eerlew  for  Marob,  UHrX    8vo. 
FopaUr  ABtronoroy  for  Feb.-March,  1903,     Sto- 
Pahlie  Health  Eogmeer  for  Marcb,  1903,    8fO, 
Science  Abil»otB  for  J  tin.  Feb.  and  March,  1903,    8vo. 
TeiTffltrlAl  Hag&etiim  for  Dec,  11^02,    gfo. 
Ttawiil  for  Fob,  1&{S.    Bvo. 
WorliFji  Fair  Bullet tn  for  March,  1903.    4 to. 
Zoophilist  for  Marcbt  I90:i    4 to. 
Flvnme^  Bii>Udna  iVfuiowOf^ Bulletin,  March,  194)3.    Bvo. 
Fhfemett  R«de  Aceadmnin  dei  GeoraojUi^Attif  Vol  XXV.  Dlep    3,  4.     Sto 

1903. 
Fmmkiin  JmttituU—JouTaid,  Vol  OLV.  No.  3.    8to,    1903. 
Qto^mphiMi  Bockiv^  i?ojol~Geograpljicd  Journal  for  M*roh-April,  1903.    Bro. 
Omtogiml  ^Wie/^— AUtiftctd  of  Pnxxt.'iHngft,  Seasiun  1902-3,  Ni>a.  772-775. 


292  General  Monthly  Meeiing.  [\im\  6, 

GiiUiMtn^  Royal  Aeoilemtf  afScumcB§ — Naafarichten :  M atliematiuti'pbjrrikaMaohe 
m&im,  1902,  Hefia  1-6,  1903,  Heft  1;  GeBobaftliche  Mitti?iluDgen,  10D2, 
Heft  I.  2.     8va 
HnUmi^  Capiain  F*   W,  {fh*  j4uMrtr)™Freiidential  Aiidteva  to  the  Auatralian 

Aesfioifttion  for  the  Adrancemeut  of  Science.    Sto.     1902. 
JohnM  Bopkin*  Univertity — Circulars,  No.  16L    4tf>,     1903. 
Kttftto*  £/n I i»r*i7y— Science  Bulktin,  Vul  L  Noi,  5-9,    Sfu.     1902. 

Uuiveraity  Quarterly,  Vdl.  X  No.  i.     Sifo,     1901. 
LHghton,  John,  E§q,  FJ^.A,  MMJ. — Journal  of  the  Kx-Libda  Bocietf ,  Feb.  1903. 

8?o. 
Mtidrat  Govcmmfiit  JfuMum— finlletio,  Vol.  IV.  No.  3.    8m     1903. 
Mmmchu^etU  iimHtute  of  recftTM>%y— Teclinology  Quarterly,  Vol  XV.  No.  4. 

Sto.     1902, 
MtiilicJs,  ProTiMflui  2Vo(L  Etq,  {the  Author}— Hisiorj  of  the  Vliieyaa  of  BeagAl. 

(2  copies).     12mo.     1902. 
Munich^  Hot/id  Bavarian  Aead^m^  of  ScienetM^Siizuugabennhte,  1902,  Heft  UL 

Sto.     1003. 
Navy  Leaffii^-— Navy  League  JoarUftl  for  Marobj  19<KJ.    8vo. 
North  of  England  In^itnti  of  Mining  and  Medliam&ii  Engtneen — TrnnaActlnnH, 

Vol.  1*1  L  No.  a.    8V0.   *190X 
Ihlontoiogictxl  Sodety^Ttaximeiiijm,  Vol.  XXXV.  No,  3,     Svo.     lt»03, 
FtfTK,  Citerpo  de /nj^niVro*  cfe  ill*i?(i*— Bolotin,  No,  L     8vo-     liH>2. 
Pharmaceuif6iil  Sofiettj  of  Gr*al  Britrim— Jouma!  for  March,  1003.     8to. 
FhoifMjTfiphii-  Soeiet^,  Royal — Photngraphjc  J  on  run  1  for  Feb.  1903.     8vo, 
Rio  tft  Janeiro  Obterpatottj — ^Moiitbh*  liuUetltt  for  Ju!y-Scpt.  1902.     Svo, 
Rome,  Minittrif  of  PuWte  IForfri— GkpriiaJc  del  Genio  Civile  for  OcI.-Nuf.  1002. 

8vo, 
Rtmai  Mediiial  and  Chirurgiettl  Society  of  London — Medioo-Chiriirgical  Triinsap- 

tioufl.  Vol.  LKXXV.    8vo     im± 
Ettval  Soei^ttf  o/  London—Vhi luaopl i  ical  Trat»aaotion 8,  A .  Noa.  329-335.   4 lo.    1903. 
Procwdiiigs^  No.  472.    8vo.     1003, 

The  Sub-Medianiea  of  the  Universe,     By  Ogbome  HeyaoMij.     8po.     1903. 
StUntri^ti  Society — Ndtiire  Nott-is  for  Marob,  1903.    Svo. 
Smith,  /?.  T^igh,  Et^i.  Jf./i./,— Tho  Scottiah  Gwgniphical  Magnziiie,  Vol.  XIX. 

Nofl.  3, 4.    8vo.     191)3, 
SWf ly  of  ^  rtj — Jo  imial  for  Marcli,  1 903.    %vo, 
StiUidtcal  5b(fte/t^— Journal,  Vol.  LXVI.  Part  'X    8fo,     1003. 
6'w«iiWi  Academy— linTiiiiitigiitt  Band  35.    4Uk    1901-2. 
Bihang,  BhiuI  27,  ParU  1-4.     8va     1901-2, 
OfverBigt,  Vol.  LVIH.     8to.     1901. 
Tacihini.Frvf.  P.  Hoft.M*'m.R.L  (the  .4ut/*or)— Memorle  della  Society  detgU  Spet- 

troacopLiiii  Italian],  Vol,  XXXIL  Di^p.  1.    4to.     1003. 
United  Sfrvice  Institution,  Royal — Joiiraal  for  M&rcb,  lOCJil.     8to. 
United  Slat€«  DtpaTtment  of  Agriculture— Ee^it  uf  the  Chief  of  the  Weathrt 
Bureaw.  19tU-2.     4to.     1903. 
Monthly  Waither  Bcview,  Deo,  1002.    4t& 
United   ShiiM   Patent  OJfce— Official  Gazi^tte,  Vol,  CII.  Noe,  G^;   VoL  GUI- 

Nofl.  1-4.     4to.     J  90S. 
Verein  *«r  Befardf^rang  des   Gewprb/fdfMei  in  Fretuten— Verhimdlufigtoii  lOOi 

Heft  3.    4to. 
Vienna^  htiperitd  G&otogtf'al  Inttitut^ — Verhandlnngeti»  1903,  N^l  1^18.    8to. 

Abbandluugen  VL  Bftnd  1,  Sup,  Ileft,     4 to,     190*2. 
Wathington  Aeadtmif  of  AWeweei— Proceedioga,  VoL  V.  pp.  :t9-08,     8vo.     lOO'l 
Wtttem  SorifJ  y  of  k'n^rucrt  -^on  r na  U  VoL  V  H  L  No.  1 ,    Sto.     1 903 . 
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Preaidentf  io  the  Cbwr, 


Thi  Hon.  B.  J.  Stkott,  M.A,,  FeUoi^r  of  Triuity  Collega, 

Cambridge. 

Some  Recent  Inffestigaliont  on  Electrical  Conduction^ 


: 


\Vk  Ijet©  here  &  gold-leaf  electroecope,  which  you  can  see  projected 
nn  the  Bcreon,  1  charge  it  with  electricity,  and  the  lear^  remaia 
diTergent.  If*  howcterj  I  loach  the  knob  of  the  electroBcopo  with 
wy  finger,  or  with  atiy  other  conductor,  the  leaves  at  odco  collapse. 

Now  the  knob  is  at  all  timea  in  coutact  with  the  air  of  the  room. 
We  may  infer  therefore  that  if  the  air  of  the  room  conducts  at  all 
under  the  condition  of  this  experlmenti  it  can  be  only  to  a  very 
Blight  exteot 

If,  however,  air  be  Bubmitted  to  very  much  greater  electrtcal 
BtreeS)  qnitc  a  di0'erent  atate  of  things  sets  in«  I  have  here  a  tube, 
oomtaimng  rarefied  air,  which  we  will  ex  pose  to  a  jx^werful  electric 
stress,  by  connecting  its  terminals  to  those  of  an  induction  coih 
You  see  at  once  that  its  insolation  breaks  down,  and  that  it  conTeya 
the  deotric  current,  which  produces  brilliant  and  complex  luminous 
effects  in  it. 

These  phenomena  are  of  great  interest  and  importance,  and  some 
light  has  been  thrown  on  their  cause  and  nature  by  recent  investiga- 
tiuns^  But  1  do  not  propose  to  enter  into  such  difficult  questioDs  to- 
night  We  shall  confine  our  attention  to  the  behavonr  of  gases  under 
amall  electromotive  forces,  such  as  are  insufficient  to  produce  lumin- 
ous discharge. 

I  have  explained  that  under  these  conditions  the  conductivity  ia 
f©ry  slight,  or  the  lea%*e&  of  the  electroscope  could  not  remain 
divergent.  Ifj  however,  we  expose  the  air  to  Eontgen  ra^s,  an  im- 
mi4iate  and  ^ost  striking  change  in  its  electrical  behaviour  takes 
place. 

Yon  will  see,  in  the  gallery  of  the  theatre,  a  bulb  capable  of 
emitting  Rontgen  rays,  1  charge  the  clectroscopej  and  as  soon  as 
the  bulb,  many  yatds  away,  is  sot  in  action,  the  leaves  collapse, 
showing  that  they  have  lost  their  cbargc.  The  air  of  the  room, 
fcra versed  by  Bdntgen  rays,  has  lost  its  power  of  insulation,  and  the 
charge  of  the  electroscope  quickly  leaks  away  through  it.  Almost 
immediately  after  the  rays  are  turned  off,  the  air  recovers  its  insulat- 
ing power,  aud  as  you  see,  the  electroecupe  is  again  able  to  retain  it* 
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cb&rge.  Although  the  recoyery  of  iDsnktion  is  very  rapid,  it  is  not 
sbeoliitelj'  iDataiitaneouH.  I  baye  here  an  experiment  bearing  an  this 
paint.  This  metal  box  has  a  window  of  alnmininm,  through  which 
the  Kontgen  rajs  can  pass,  so  that  the  air  in  the  box  is  expoeed  to 
them.  This  air  is  blown  out  throngh  a  considerable  length  of  tnbing 
on  to  the  eloctroscope,  and  you  8C6  that  it  ifi  able  to  discharge  it.  So 
that  it  ia  evident  that  some  of  the  condncting  power  is  retained 
dariug  the  time  that  the  air  takes  to  pa^s  through  about  2  feet  of 
tubing,  a  considerftble  fraction  of  a  second. 

There  is  another  way  in  which  air  can  be  made  to  lose  its  inanlat- 
iug  power,  and  that  is  by  exposing  it  to  the  action  of  the  mysterious 
rays  given  out  by  railio-active  bodies,  notably  by  radium  salts. 

I  charge  the  electrosctipe  again,  and  yon  see  that  when  I  bring 
near  it  this  sample  of  radium  salt,  the  leaFes  fall  together,  as  under 
the  influence  of  Bdntgen  rays. 

We  may  now  consider  more  in  detail  the  behaviotir  of  gases 
made  oonduetiug  by  these  niethods. 

When  the  electric  curr*?nt  passes  through  a  metal  or  an  electro- 
lyte, the  relation  between  the  current  and  the  electromotiTc  force 
applied  is  the  simplest  possible — ^tfao  current  is  proportional  to  the 
electromotiTe  force*  The  conductor  is  said  to  obey  Ohm's  law.  But 
with  a  gas  under  the  iufluence  of  Rdntgen  or  Becquerel  rays  it  is  fur 
otherwiBe.  The  current  increases  at  first  in  proportion  to  tho  E.M.F,, 
but  when  the  E.M>F«  is  increased  licyond  a  certain  point,  the  current 
no  loDger  increases  correepondingly.  Finally j  when  tho  Ew6I,F.  ia 
very  large^  a  maximum  vjilue  for  the  curreut  is  reached,  and  further 
increase  in  the  E.M,F.,  is  without  influence  upon  it  The  value  of 
this  limiting  curreut,  and  the  E.M  F.  necessary  to  produce  it,  will  of 
course  depend  on  the  strength  of  the  rays.  It  is  evidently  of  intcirest 
to  compare  the  maximum  or  saturation  current  with  different  gases. 
Such  comparisons  have  been  carried  out,  and  I  will  give  you  in  a_ 
table  some  of  the  resnlta.  ^ 


Ejdmgen     . 
Air      . 

Sulphur  dioxide 
Hethfl  iodide 


ReUtlve  Sfttantlcn  Cunstit. 


Density^ 


•07 
I'O 
3' 19 
5'05 


fiSntflen  Rkjn. 

BtcqiMKlKij& 

10 

•IB 

1-00 

1  00 

8*73 

2'32 

70-3 

S-18 

You  will  observe  that,  under  tho  action  of  Becquerel  rays,  the 
satiaratiou  current  ia  nearly  proportional  to  the  density,  while^  under 
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the  ftctioti  of  Rontgen  rays,  a  gag  contaming  an  elemetit  of  high 
molecular  weight,  such  a^  iodine,  giires  a  cuFrent  out  of  all  proportion 
grcaior. 

I  wUh  now  to  retoTO  to  a  qtiestioti  which  was  too  lightly  paaeod 
over  at  the  begiiming  of  this  lecture. 

I  said  that  tbo  leakngeof  electricity  through  the  air  iu  its  normal 
oonditian  wae  Tery  flight.      But 

the  exiatenee  of  snch   a  leakage  o 

haa  been  inoontofitably  proved.  g[ 

The  difficulty  of  establishing 
the  oonclosion  ia  this.  It  i«  necee- 
sary  to  make  use  of  some  solid 
Insula  ting  support  for  the  gold 
leayes  of  the  electroaoope.  Now, 
if  the  leaves  are  observed  to 
elowly  collapse,  it  is  difficalt,  with 
ordinary  arrangements,  to  deter- 
mine %rhether  this  leakage  is  really 
IhrongL  the  air  or  vrhothor  it  takes 
place  tlirough  the  insulating  sup- 
port. This  ambiguity  of  the  ex- 
periment has  been  ingoniously 
oTeroomo  hy  Mr.  C.  T.  E.  Wilson, 
of  Cambridge.  His  method  was  to 
Garter  the  further  end  of  the  ineu- 
^ting  support  on  a  piece  of  metal 
rhich  was  at  a  higher  potential 
'tiian  the  cold  leaves.  Any  failure 
in  the  insulation  would  then 
causa  the  leaves  to  diverge  more 
than  at  |  first.  It  was  fonod, 
hmreror,  that  in  fsct  the  leaves 
eoUapMd  in  the  course  of  a  few 
boats.  Thore  could,  thorefnroj 
be  no  doubt  whatc^ver  that  the 
charge  was  escaping  through  the 
sir. 

I    have   here   an    experiment 
wMch     shows    the    same    thing,  Fio.  1. 

though  perhaps  not  quite  so  satis- 

lactorily*  There  are  two  pairs  of  gold  loaves,  a,  h  (Fig.  1),  in  all 
leipttctA  similar.  These  are  supported  by  dean  ebonite  insulators, 
e,  a,  exactly  alike  for  each.  The  left-band  pair,  however,  hangs 
immediately  from  the  ebonite  support,  while  the  right-hand  one 
hmgs  from  the  support  by  a  long  wire  e.  The  right-hand  charged 
ijMtfm,  therefore,  has  much  better  access  to  the  air  than  the  left-hand 
rjiiEi,  Aud  in  the  course  of  half-an-huur  yon  will  see  that  its  leaves 
liivif  collapsed  much  further,  in  spite  of  its  greater  electrical  capacity, 
VouXVIL    (No,  97.)  X 
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Mr,  Wilson  made  a  series  of  measaremeuts  of  thk  electrical  leakage 
tbrotigh  Tarions  gases,  and  be  came  to  the  interestiDg  cfiticlasion 
Ihat  the  raU^B  of  leak  were  id  the  same  ratio  to  one  another  as  tboee 
whieli  I  bad  found  for  the  same  gasee  tmtler  the  action  of  Beoquerel 
rays.  As  a  rate,  the  leakages  were  pro|>ortioual  tu  the  densities  of 
the  gases,  but  as  in  the  case  of  Becquerel  raye,  hydrogen  was  an  ei- 
ception,  gtYing  about  twice  as  great  a  le^^ge  as  it  ottgbt  tn,  if 
this  law  were  exactly  obeyed. 

Tilts  cur  ions  agreement  natumtly  suggested 
/^  tbat  the  leakage  ordinarily  occurring  was  due 

to  the  same  cause  as  the  leakage  under  Bec- 
qnerel  rays.  In  other  word«,  tbat  tbe  walls  of 
tlie  Teasel  containing  the  electroscope  were 
giring  off  rmyn  of  tht!^  kind,  although  of  course 
y  ^^  only  to  ft  Tery  slight  extent*     In  order  to  test 

"     '  whether  this  was  really  tbe  case,  I  carried  out 

nenee  of  experiments  on  tbe  rate  of  leak 
^om  a  charged  wire,  when  surrounded  by  cylic- 
dera  of  a  uniform  size,  but  of  different  materials. 
It  Boon  became  apparent  thiit  the  rate  of  dis- 
charge depended  on  the  nature  of  the  surround- 
ing walL 

I  will  now  show  you  a  diagram  of  the 
apparatus  used  (Fig.  2),  a  is  a  charged  wire 
in  the  axis  of  die  cylindrical  vessel  b.  The 
walla  of  6  could  he  lined  with  auy  desired  ma* 
terial  by  inserting  a  cylinder  c  e  composed  of 
it«  This  could  be  done  by  removing  the  gla« 
plate  d  at  the  end,  which  was  cemented  on. 
The  vessel  could  be  oxhausted  through  the 
stopcock  /  if  desired,  e  was  a  drying  btdb, 
containing  phosphoric  anhydride.  The  wire 
a  passed  air-tight  through  the  brass  cap  g, 
cemented  on  to  the  neck  A  of  &.  A  was  made 
of  lead  gla^s,  on  account  of  the  superior  insala* 
Fiu.  2.  ting  qualities  of  this  kind  of  glass.     Tbe  cap 

g  carried  a  braes  strip  it,  to  which  the  gold 
leaf  I  was  attached.  Tbe  whole  was  surrounded  by  a  vessel  m^  vb 
shown,  f*  was  an  iron  wire,  attached  to  a  platinum  wire  o  sealed 
through  the  glass.  The  iron  wire  could  be  brought  into  contact 
with  h  by  means  of  an  external  magnet,  in  order  to  charge  th«  system. 
m  could  be  exhausted  through  the  stopcock  p,  and  dned  by  means 
of  the  phosphoric  anhydride  contained  in  q.  The  position  of  the 
gold  loaf  was  read  by  a  microscope  with  micrometer  eye-piece,  focuteed 
upon  it. 

Before  making  an  experiment,  the  insulation,  which  is  kll-ini-* 
portant,  was  tested,  m  was  permanently  exhausted,  and  the  stopcock 
p  closed,    h  was  also  exhausted  for  the  time,  and  a  charge  giTeii  to 
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the  brass  strip  k,  m  that  the  le^f  I  divei-ged.  It  was  fouDd  th^t  the 
leaf  mored  OYor  lees  than  :^  of  a  scale  dif  ision  id  the  coutbo  of  three 
hoars. 

As  soon  as  any  air  was  admitted  into  b,  a  leakage  of  electricity 
from  the  wire  a  was  observed. 

Tho  following  table  gives  the  results,  with  various  materials ; — 

Zinfl         ........         12 

Phoepliotie  aold  on  glaus 1-3 

Alumiomm  ,  .  ,  ,  ,  ,  .1-4 
Silver,  chemieally  depoiited  .  .  ,  .  1*6 
Copper  oxjde     .         .         .         .         .         ,         .        1  ■  7 

Copper      . %-B 

TimoiL,  Ui  sample     , Z'B 

^        2rul  Bnmple    ,  .  ,  ,  ,  .3*3 

PhLtinum,  1ft  sample         .         .         ,         .         .         2'0 

„         2iid  BATDple         .         .         «         .         •        2*9 

.,         3rd  sample S'9 

Onaiium  oUrfttti 12,000 

StTOD  gest  radium  prepmatiquB     .         .        1 ,  200 ,  OOO ,  000 

The  number  for  urfloinni  nitrate  was  obtained  by  cementing  a 
piece  of  tho  sabstance  on  to  the  inner  wall  of  tb©  cylinder,  and 
iining  the  rate  of  leak.  The  number  tbus  obtained  was  oor- 
neled  to  the  valae  which  would  correspond  to  oovering  the  whole 
cylinder  with  uraDiiim  nitrate.  The  value  for  radium  is  merely 
eompnied  from  the  comparisons  which  have  been  made  between 
radium  and  nraniom. 

We  conolade,  then,  that  the  leakage  always  found  in  the  air  is 
not  an  essential  property  of  the  air  itself,  hut  is  due  to  feeble  twlio- 
activity  in  ibe  surrounding  solid  objects. 

Id  tho  experiment  1  showcyd  you,  with  the  pair  of  gold  leaves 
hirng  from  a  long  electrified  wire,  tbo  leakage  was  due  to  Becquerel 
laya  emitted  by  the  walls  and  floor  of  tho  room^  and  possibly  even 
bj  the  persons  of  the  audience. 

Bo  far  we  have  been  ^poaking  of  gases  of  tbo  ordinary  kind,  that 
le^  the  vapours  of  volatile  inorganic  substances. 

There  are,  bowevi^rj  special  rcasous  for  tb inking  that  a  metalliD 
vapour  should  behayo  diflciently  io  its  electrical  relationi. 

Wo  will  take  mercury  vapour  as  an  example. 

Lei  us  suppose  some  mercury  placed  in  a  hermetically  closed 
iiMiiil^  and  let  the  vessel  be  heated.  The  mercury  will  partially 
evaporate,  and,  at  any  given  temperature,  there  will  be  a  deBnite 
density  of  vapour  which  is  in  equilibrium  with  tbo  liquid,  so  that 
tio  fdrtber  evai>oration  takes  place.  When  the  temimrature  is  raised, 
the  equilibrinm  vupour  density  increaaee,  while  the  density  of  the 
liqaid  diminishes,  so  that,  if  the  temperature  be  increased  sufficiently, 
the  lipoid  and  vapour  will  have  the  same  density,  and  will  be  indis- 
tituniishftblo  from  one  anotber.  The  temperature  at  which  this 
^^  X  2 
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happene  is  called  tlie  critical  temperature.  Now  we  know  that  the 
lit^iiid  mercnry  is  an  exr^Uent  coiidtictor  of  electricity.  Mercury 
Tapour,  bowe?er»  aa  obtaiucd  by  boiling  morcury  at  the  ordinary 
preeanro  of  the  air,  doea  not  condnct  at  alitor  at  least  it  only  pooiofloco 
the  Tcry  feeble  conducting  power  conferred  on  it  by  the  Bocquerel 
rays  from  the  vessel  walb,  as  I  oxplaiued  to  yon  before.  And  yet,  at 
the  critical  temperature,  it  must  conduct  as  much  as  the  liqaid  at  that 
tempemture,  for  indeed  the  two,  liquid  and  vapour,  are  indigtittgiiifih- 
able. 

It  18  evident,  therefore)  that  at  the^  high  temporataree  and 
pressaree,  some  very  profound  change  must  occur  iti  the  electrical 
properties  of  mercnry.  Either  the  liquid  mast  be  very  much  less 
oonductingf  or  else  the  Yapour  immeaanrably  more  so,,  than  it  would 
be  nnder  ordinary  conditions.  It  might  seem  an  easy  matter  to  put 
this  question  to  the  test  of  experiment.  But  the  practical  difficulties 
are  very  great.  It  is  necessary  to  oonfiue  the  mercury  in  a  closed 
vesseL  This  vessel  mnet  be  capable  of  standing  an  enormous  pres- 
snre ;  it  most  be  able  to  stand  a  very  high  temperature  without 
melting,  and  it  must  be  made  of  electrically  iDsnlating  material. 
These  qualities  cannot  be  found  in  sufHoieut  df^gree  in  any  known 
material.  But  they  are  moat  closely  approached  by  vitreous  silica, 
obtained  by  fusing  rock-crystal  in  the  oi:y-hydrogen  blow-pipe,  and 
working  it  into  tubes  by  the  ingenions  methods  which  irere  not  long 
ago  explained  in  this  Institution  by  Mr.  W.  A.  Shenatoue. 

I  have  here  a  tube  of  quartz,  with  thick  waUs.  Some  mercury 
has  been  hermetically  sealed  up  in  it.  I  place  it  over  the  flame  of 
the  blowpipe,  and  you  see  that  the  mercury,  instead  of  boiling  at  a 
moderate  temperature,  aa  it  would  in  an  open  vessel,  is  heated  to 
full  redness.  In  experimenting  privately,  I  have  been  able  to  raise 
the  temperature  to  a  yellow  heat.  At  that  point  the  mercury  vapour 
begins  to  show  a  steely  blue  abeorptton  tint.  Soon  after  thia  appears, 
the  strongest  tubes  burst  with  the  pressure  of  the  vapour. 

I  will  DOW  show  you  a  diagram  of  the  tnhe  used  for  meaauriug 
the  electrical  conductivity  of  mercury,  and  its  vapour  at  ii.  red  heat 
(Fig.  3).  The  quartz  tube  took  the  form  of  cm  inverted  Y,  ahh.  It 
was  constricted  Ui  a  very  small  diameter  at  the  parts  d  d  for  a  length 
of  about  1  cm*  on  either  aide  of  th(^  join!  The  lower  part  of  the 
limhs  &  b  were  of  much  larger  diameter.  The  tube  was  filled  wiili 
mercury  up  to  the  level  c^  the  current  being  led  in  and  out  by  iron 
wires  €  e,  which  projected  some  distance  np,  inside  the  arms  5  6. 

The  iroji  wires  terminated  in  brass  cnps//,  carrying  appropriate 
binding  screws.  These  cups  were  filled  with  sealing- wax,  which 
cemented  them  to  the  quartz  tube.  This  sealing-wax  had  been 
sucked  up  the  limbs  while  hot  for  a  considerable  distance,  nearly  up 
to  the  points  g  g,  so  as  to  fill  the  space  between  the  iron  wires  e  e 
and  the  lower  parts  of  the  quari;^  tube.  The  tops  of  the  iron  wires 
projected  out  through  the  sealing-wax,  making  contact  with  the 
mercury.     The  •lectrioal  resistance  between  the  electrodes  //  lay 
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nuunlj  in  the  narrow  portion  d  d,  and  this  alone,  with  the  branch  a, 
was  kept  hot. 

It  was  found  that  at  a  fnll  rod  heat,  the  resistance  of  the  liquid 
mercury  was  about  doubled.  The  resistance  of  the  saturated  vapour 
was  taken  with  the  same  apparatus,  the  narrow  part  d  d  being  in  this 
filled  with  the  vapour  instead  of  the  liquid ;  it  was  still  ten 


Fio.  3. 


million  times  as  great  as  that  of  the  liquid.  But  the  vapour  did 
eonduct  very  appreciably ;  and  a  current  easily  measurable  with  the 
gdvanometer  could  be  sent  through  it  with  a  single  battery  cell. 
1  think  that  in  all  probability,  if  we  could  trace  the  charge  up  to  the 
critical  temperature,  we  should  find  that  the  saturated  vapour  would 
•pproaoh  in  its  electrical  behaviour  to  the  liquid  metal. 
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ANNUAL     MEETING, 
Friday.  May  1,  1903. 

Sn  Jambs  Obiohtoit-Beowne,  M,D.  LL.II«  F.B.S,,  Treft&aror  and 

yioe-Ft^dentf  in  the  Chair. 

The  Annual  Report  of  the  OommtttGe  of  Visitore  for  the  y«i^ 
1902^  teetifying  to  the  continued  prosperity  and  efficient  management 
of  the  luititution,  was  read  and  adopted,  and  the  Eeport  on  the  Davy 
Faraday  Reeearch  Laboratory  of  the  Eoyal  Institution,  which  accom- 
panied it,  was  also  read. 

Sixty-two  new  Membera  were  elected  in  1902, 

Sixty- three  Lectures  and  Twenty  ETeuing  DisconrBes  were 
deliTer^  in  1902. 

The  Books  and  Pamphlets  presented  in  1902  amounted  to  about 
211  Tolnmes,  makings  with  683  volumes  (including  PeriodicalB  bound) 
purchased  by  the  MauagerSf  a  total  of  891  yolumee  added  to  the 
Library  in  the  year. 

Thankg  were  voted  lo  the  Freeident,  Treasurer,  and  the  Honorary 
Secretary,  to  the  Committees  of  Managers  and  Visitors,  and  to  the 
Professors,  for  their  valuable  Bervioes  to  the  Institntion  during  the 
past  year. 

The  following  Gentlemen  wera  unanimously  elected  as  Officers 
for  the  ensuing  year : 

Pbbsidbwt— The  Duke  of  Northumberland,  K.G.  D,O.L*  TMB, 

Trbasueib— Sir  Jaraes  Crich ton-Browne,  M-D.  LL.D«  F.RA 

Skosbtaby— Sir  William  Crookes,  F.E.S. 
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Manaobrs. 

Herary  E.  Arroitrong,  E*i.  Ph.D.  LL.D,  F.R.S. 
Str  IknjnmiD  Bak«r,  K.C.B,  K,C.M.G.  LL.D, 

F.RS.  MJMt.CE. 
Shelfoi^  Bidwflll,  Eaq.  M,  A,  Sc.D.  LL.B.  F.R8, 
Sir  Alexaniler  Biotik,  M-Juit.C.IL 
Sir  Fr«>Jerick  BrntiiweU,  Bart.  D.CX.  LL.D. 

F.R.S.  M.liiit.aE. 
Tha  Hon,  Sir  Henry  Burton  Bucklev,  M.A. 
The  Right  Hon.  The  Earl  of  H*bbwrv,  M,A. 

D  C!  L  F  R  S 
Donald  WiiliAm  Charl^i  Hood,  C.V.O,  M.D. 

F.R^C.P, 
The   Rjeht    Hod.   Lord   Lister,   OM.  M,U 

acX.  IhAX  F.R.S. 
0«orge  Miitihej^  Elsq.  F.R.S. 
Edward  Pollock,  lujq.  F.H.CS. 
Sir  Owen  Roberta,  M.A,  D.CL.  F.S.A. 
Sir     Thomas     Henry     Saodflr^on,     G.C.B. 

K  G  M  Q 
Sir  Feiii  SemoD,  CV.O,  M.D.  F.R.C.P. 
Sir   John    laaac  Thorny crofl,^  LLD.   F.R.S. 

M.Iii»t,C,£. 


John  B.  Broun-Morison,  E«q.  J.P,  D.L  F.SA 

(St<»t.) 
Horace  T.  Browii,  Esq.  LL.D,  F.R,S 
Frank  Clowei,  Esq.  D,S<;.  F.C.SL 
J(Lme«  M(w:ken*itj  D^TidKoii,  Em.  M.B,  CLU^ 
Fredmck   Williaii,   Fison,  Eh.  U.F<  UJM 

F.C.S. 
Francis  Foi,  Esq.  SLInst.C.E, 
Fmncis  GuflkeH,  Esq.  M.A.  F*G,S. 
JiiiQe*  Dundu  GruL,  M.D,  F.R,C.S, 
LoH  GMenock.  aL  J, P. 
Jamed  E,  Home^  Esq.  M.A, 
J^JiLures  Hom«r,  Esq.  J.P,  F.RA.S. 
Wilson  Noble,  Esq.  M.A. 
Arthur  Hi^g,  K&q. 
Georgt  Joho&toue  Stone  v,  E«q,  If  .A. 

F.R,S. 
George  Pbillp  Wilknghby,  Esq.  l.P. 


i9oa,] 


J,  Piipt  un  Siereochemutrif* 


301 


WEEKLY  EVENING   MEETING, 
Friday  May  1,  1^03, 

Bm  William  CaooKsa,  F«B«B«,  Houoriiry  Seor^tary  and 
Yice-Prtisident,  in  the  OhMr. 

Pmofisbqb  William  J.  Pope,  F.H.S*j 

Recent  Advaneet  in  Stereochemistrjf, 

ibe  year  1803,  juit  a  century  ago,  John  Ehilton  delivered  in  the 
Eoyal  Institution  a  seriea  of  scieutifio  lec tares  during  the  course  of 
which  be  doubtlegs  laid  before  his  audience  a  theory  which  he  bad 
just  devised  for  the  purpose  of  connecting  together  the  vaat  number 
of  iBolatcd  chetnical  facts  known  at  the  beginning  of  the  nineteenth 
century «  This  theory,  of  which  the  centenary  is  being  celebrated 
dnritig  the  present  month  by  the  Manchester  Literary  and  Philo- 
sophical Society,  is  known  as  the  Atomic  Theory,  and  was  destined 
to  form  the  foundation  npon  which  the  whole  superstructure  of 
modern  chemistry  has  been  built  up.  For  our  present  purpoeo, 
Dalton's  theory  may  bo  briefly  stated  in  the  form  of  the  following 
two  principlea ;— (1)  Every  element  is  mad©  up  of  homogeneous  atoms 
of  which  the  mass  is  constant ;  (2)  Ghemtcal  compounds  are  formed 
by  the  union  of  atoms  of  the  various  elements  in  simple  numerical 
proportions.  In  accordance  with  Dalton's  hypothesis,  chemical  aub- 
■tonnfn  may  be  mentally  pictured  by  imagining  the  atoms  as  small 
qih«res  which  have  the  power  of  aggregating  themselves  together 
under  snitable  conditions  to  form  complexes  or  *  molecules ' ;  thus, 
taking  two  similar  spheres  repreeeiitiug  hydrogen  atoms,  in  con- 
junction with  a  sphere  of  a  different  kind  reprove Dttttive  of  an  atom  of 
oxygen,  a  chemical  repreeoiitution  eau  bo  given  of  the  compound 
water,  the  molecule  of  which  is  composed  of  two  atoms  of  hydrogen 
ind  one  of  oxygen. 

The  original  atomic  theory  oBbrs  no  explanation  of  the  observed 
lust  that  the  atoms  combine  together  in  ditfercnt  proportions ;  this 
deficiency  was  remedied  by  the  doctrine  of  '  Yalenoy '  enuuciated  by 
the  late  Sir  Edward  Frsuklaud  in  1852.  Frankland  supposed  that  the 
ituma  of  certain  elements,  such  as  hydrogen  and  chlorine,  are  uu- 
«hle  lo  oumbine  with  more  than  one  atom  of  any  other  element ;  these 
slttuenta  are  tennod  monovalent.  (Jther  atoms,  such  as  those  of 
btriiitD  &od  zinc,  can  become  directly  attached  to  at  most  two  other 
Alonui ;  these  are  the  divalG»tt  elements.  Tri-,  tetra-,  penta-,  hexa-, 
keptiK,  and  octa-valcnt  elements  Ciin  be  similarly  distinguished,  tha 
rakmcy  uf  liydrugiijn  being  taken  as  unity,  iu  order  to  me^isure  and 
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define  tile  Eaturation  capacitj  or  the  atom-fixJiig  power  of  tlie  atoms 
of  the  other  elements.  It  will  be  c\m.T  that  for  rough  diagrammatio 
puTpos^fi  we  may  proTide  the  spheres  representing  the  atoms  with  M 
many  wooden  pegs  aa  the  element  iteelf  exhibits  units  of  yalency  i 
compound  molecules  can  then  be  represented  bj  filting  the  atoms 
together  by  m^Lns  of  the  peg^  representing  the  number  of  valency 
units  possessed  by  the  yarious  constitneut  atoms.  By  so  doing  a 
great  advance  is  made  u[>on  the  atomic  theory  of  Baltou's  time  aud  a 
mental  picture  is  obtained  of  the  way  in  which  the  atoms  are  oou* 
nected  together  within  the  molecnle  itself. 

During  the  early  part  of  the  nineteenth  century  it  became  evident, 
principally  from  the  work  of  Liehig  and  Wohler  in  Germany  ant! 
of  Faraday  at  the  Boyal  loE^titutioQ,  that  substances  exist  which 
poiiiow  totally  diHerent  properties,  but  nevertheless  have  the  same 
molecular  compo&itiou ;  as  this  becaiue  slowly  realised,  the  atomic 
theory  woB  naturally  called  upon  to  furnish  some  adequate  explana- 
tion. In  view  of  the  proven  identity  of  molecular  composition  the 
required  explanation  could  only  be  sought  for  in  differences  iu  the 
atomic  arrangement  within  the  molecules  of  the  several  substances* 
That  such  diSerenoes  can  be  successfully  illustrated  by  the  aid  of 
the  atomic  models  will  be  seen  on  considering  some  specific  case. 
Ordinary  ethyl  alcohol  and  methyl  ether  differ  greatly  from  each 
other— the  fiist  is  a  liq^uid  whilst  the  second  is  a  gas  at  ordinary 
temperatures — ^but  possess  the  same  molecular  composition,  the  molo- 
cnle  in  each  eas6  consisting  of  two  atoms  of  carbon,  six  of  hydrogen 
and  one  of  oxygen.  These  two  flubetancee  have  to  be  represented  on 
the  assmnptioQ  that  hydrogeu  is  monovalent,  carbon  tetravalent  and 
oxygen  divalent.  By  joining  wooden  spheres  together  in  the  order 
shown  in  the  figures— in  which  the  valencies  of  the  component  atoms 
are^  carefully  respected— diagrammatic  represeutations  are  obtained 
which  illustrate  to  the  chemist  the  diQerenccs  existing  between  ethyl 
aleohol  and  methyl  ether.     Substances  related  to  each  other  in  this 
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way  are  said  to  bo  isomeric ;  tltey  have  the  same  molecular  composi- 
tion but  different  molcculiir  i'oiutiiiuiions.  The  step  in  advance  which 
is  involved  in  thus  writing  molecular  constitutions  or  in  constructing 
molecular  models  was  taken  by  Kekul6  in  1858. 

Two  great  stages  in  tLe  dt»velopmeut  of  chemical  theory  bate 
now  been  indicated.  First,  that  contributed  by  Daltou,  who  regarded 
constancy  of  molecular  com^yoaitiou  as  cbaracteristic  of  a  chemical 
substance ;  secondly,  that  further  stage,  attained  as  a  result  of  the 
labours  of  Ll^big,  TVchLr,  Faraday^  Frankland  aud  Kekule,  which 
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involved  the  introdaction  of  the  idea  that  tli<3  cliemicAl  iodiTtdualitj 
of  &  eubstanoe  is  dependent  upon  its  molecalar  constitution  as  well 
M  mpon  its  molecular  composition.  A  third  great  develop  me  at  in 
ihe  utomic  theory  had  yet  to  tato  place. 

Whilst  Iho  theoretical  views  which  culminated  in  Kekule'a  oonsti- 
totional  formulee  were  at  first  fouad  Buffioient  to  explain  numerous 
obdeff ed  casoji  of  isomerism,  instances  soon  began  to  accumulate  of 
rabfitaJiccs  which  exist  in  so  many  isomeric  forms  Ihat  the  Kekule 
Dflthod  of  representation  is  incapable  of  accounting  for  them  all.  At 
an  early  date,  Pasteur  showed  clearly  that  substances  exist  which 
have  tho  same  molecular  composition  and  the  same  molecular  const i- 
tation,  but  which  nevertheless  diSer  in  important  respects.  A  crisis 
was  ultimately  reached  when,  in  1870^  Wislicenus  deraonstrated  the 
^isteuce  of  three  isomeric  lactic  acids,  all  having  the  molecular 
composition,  C^HgO^  and  the  molccul&r  ooustitntion^ 

H    O-M      O 

md  contended  that  he  had  amply  proved  the  insnfQcieucy  of  Kekule *s 
method  of  writing  coustitutional  formnlie. 

The  step  needed  to  rid  the  atomic  theory  of  these  apparent 
anomalies  was  indicated  by  van't  Hoff  and  Le  Bel  in  1874 ;  they 
pointed  out  that  the  weakncBB  of  the  Kokule  method  lies  in  the  taoit 
ifivamption  that  tho  molecule  10  spread  out  upon  a  plane  surface :  that 
by  throwing  this  assumption  aside  and  taking  a  rational  view  of  the 
way  in  which  the  molecale  is  extended  in  space,  all  difficulties 
immediately  vanish.  The  conBiderations  put  forward  by  van*t  Hoff 
and  Le  Bel  form  the  basis  of  the  subject  now  known  as  Siereochemislr^^ 
the  bluneh  of  science  which  deals  with  the  manner  in  which  the 
■feooOB  are  distributeil  w^ithin  the  molecule  in  three-dimetisional  space ; 
lli«y  doAl,  in  the  6rst  place,  with  the  arraDgemeut  of  the  constituent 
itotDit  in  the  aim  pie  organic  compound,  methane,  the  mulecule  of 
which  bae  the  composition,  CH^,  or  consists  of  one  carbon  atom  and 
foiur  hydrogen  atomSt  The  Kekule  constitutional  furmula  pictures 
the  oom}>oncnt  atoms  of  the  methane  molecule  as  if  joined  together 
in  one  plaue  (Fig.  1),  wMlet  according  to  the  now  view,  the  four 
hydrogen  a  tome  are  Imagined  situated  at  the  four  apices  of  a  regular 
tetrahedrou  of  which  the  carbon  atom  occupioe  the  centre  (Fig,  2). 
This  iB  convemeutly  illostrated  with  the  aid  of  a  few  cardboard 
models. 

l^nsidor  now  the  result  of  replacing  three  of  tho  four  hydrogen 
atoms  present  in  the  methane  molecule  by  three  different  groups  of 
atoms — the  three  groups,  ClJ^,  OH,  and  CO^H,  for  example.  One 
of  ihe  most  striking  results  which  has  accrued  from  the  ohemical 
iATwtigatiou  of  the  past  century  has  been  the  demonstration  of  the 
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remarkable  rigidity  with  which  the  atoms  are  held  together  in  the 
moleotile ;  it  might  therefore  be  antioipated  that  by  actaallj  making 
all  the  Lsomoridos  having  the  ooojstitation  indicated  above,  some 
would  be  afforded  of  judging  whether  the  vaa't  Haff-Le  Bel 
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at  the  Kekule  view  formic  the  closest  approximation  to  the  trath. 
Eeknle'scoiiGtitiitioDalfurmulie  indicate  the  existence  of  two  it»omoric 
componndfi  of  the  following  typcB^ 


OH 
CH.— C— CO,H 


aud 


CH. 
HO— C-CO,H 


wbtlfit,  on  tbe  van't  Hoff-Le  Bel  view,  two  isomerides  shonld  exist 
in  which  the  four  groups,  H,  CH3,  OH,  and  CO3H,  are  arranged  abont 
the  central  carbon  atom  in  the  manner  indicated  in  Figs.  3  and  4^. 

Althongh  in  each  case  two  iBomerideB  would  be  obtained,  the 
exaDiination  of  the  two  kinds  of  figure  reveals  very  essential  differ- 
encea<  The  solid  figure  isomeridea  differ  only  iu  that  the  one  ib  the 
image  in  a  mirror  of  the  other — they  are  related  in  the  same  kind  of 
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way  aa  a  right*  and  a  left-^hand  gloTe.  The  differenoes  obserrable 
between  two  molecules  thus  related  ehnuld  c^nsequeiitly  not  be  differ- 
ences of  an  ordinary  chemicftl  nature,  but  differences  involyiag 
meri^ly  a  kind  of  chemical,  physical  and  mechanical  right-  and  Mt^ 
hand odn ess.  The  Eekule  constitutional  formulm,  on  the  other  hand, 
would  indicate— if  they  indicate  anything — that  the  Bub^tances  to 
which  they  refer  difier  in  the  more  gross  way  in  which  ordinary 
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dLdmical  iBomerideB  differ  iu  chemieal^  phjaioal  and  moohaaical 
rcfipects.  Thftt  carbon  atom  which  was  present  ia  the  original 
methane  molecule  is,  in  these  new  compounds^  now  attached  to  foar 
different  atomic  groups,  and  such  a  carbon  atom  in  termed  an  asym- 
metric  carbon  atom.  It  ia  in  the  ca&e  of  substancas  containing  an 
asjmmelnc  carbon  atom  that  a  lack  of  agr^ment  is  ofaserTed 
between  the  facts  and  the  kind  of  isomerism  indicated  by  the  Eekule 
formube,  and  in  these  cases  also  the  species  of  isomerisin  indioated 
hy  the  solid  models  exhibited  is  fomid  to  correspond  closely  with 
the  facta. 

To  illostrate  thia,  we  may  refer  to  a  somewhat  complicated 
rabstance  termed  tetrahydroquinaldino,  which  has  the  appended  con- 
etitution  and  the  molecule  of  which  contains  an  asymmetrio  carbon 


H   H        fi 


C        H 


A 


CH. 


T^tmhydroquiniildi  rie. 

itom,  that,  namely,  whicli  is  printed  in  heavy  type.     Tbroo  different 

isomeric  forms  of  this  substatice  exist  and  are  quite  indistinguiflhablo 
by  any  of  tbe  ordinary  methods  of  cbemieal  or  physical  identificatiun  ; 
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OBG  of  these  is  a  loose  kind  of  compound  of  the  other  two,  and  may 
tberefore  be  disregarded  for  the  moment.  The  remainin  g  two  have  the 
tame  melting  point,  the  same  boiling  point  and  correspond  exactly  in 
iil  otdioary  properties;    they  yield,  however,  series  of  derivatives 
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which  di^er  in  the  wne  fiort  of  waj  that  a  fight-hand  and  a  left- 
hand  glove  differ,  Eere^  for  inatanise,  ia  a  diagrmm  showing  the 
shap^  of  tb«  errata] ft  which  these  two  enhstanoes  form  with  hydro- 
chloric acid  (Figs.  5  and  6);  the  crystals  obtained  fitHn  the  one 
base  are  the  **  mirror-images  **  of  those  prepared  &om  the  other.  Any 
figure  which  poasaEaee  "  hand^nees ''  of  the  kind  exhibited  by  these 
two  erystal  figures  is  termed  ^  enantiomorphoaa,*'  and  two  figures 
which  ars  related  to  each  other  «a  these  figures  are  related  are  said 
to  he  enantJomoTphoasIy  related. 

A  hand  is  thns  enaDtiomorpbons,  and  a  right  and  a  left  hand  are 
etiantiomorphoiislj  related,  Ibe  one  being  ^e  mirrois^mage  of  the 
other.  Here,  for  example,  is  a  photograph  showing  a  right  and  a  left 
hatjd  side  by  side  (Fig.  7);  the  pair  of  hands  is  eicactly  reprodnoed 
in  the  nest  photograph  (Fig.  8)  which  shows  a  right  hand  side  by 
side  with  Uje  photograph  of  its  rtflectiuD  in  a  mirror. 

The  oonTersioti  of  a  right-  into  a  left-handed  object  and  mcst  fiervd 
by  reflection  perhaps  becomes  more  eTident  on  considering  the 
appended  piece  of  ordinary  print— right-handed  print — (Fig,  9,  B) 
and  its  mirror^image — left-handed  print — (Fig.  9^  A).    On  looking 
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This  It  to  illustrate  the 
cnBAtiomorphiitn  of  our 
books-  ir  the  ordinanr 
book  be  called  a  dexifo- 
book-  itfi  mirror 'imsfic   is 


at  the  reflectionB  of  these  in  a  mirror,  A  is  seen  reflected  as  right- 
handed  print,  whilst  B  becomes  left-handed  priot,  identical  with 
Ihe  original  h, 

Jiifit  the  same  cnantiomorphous  relationship  as  that  existing 
between  the  right  and  tbo  left  hand  exists  between  Uie  molecular 
pictures  of  the  two  lactic  acids  discovered  by  Wislicemis  and  shown 
in  FigG.  3  and  4, 

Reference  may  now  bo  made  to  the  existence  of  other  diflerenoeB 
of  an  enantiomorphous  cbaracter  between  substances  which  possess 
onantiomorpbuuBly  related  Btrnctures.  Early  in  the  last  century  the 
French  physiciBts  Arago  and  Biut  showed  that  a  number  of  suhetanees 
have  tbo  power  of  de:Becting  tbe  plane  of  polarisation  of  a  plane 
polariBod  light  beam  tLrowu  through  their  aolutions.  Such  sttb- 
BtancGS  are  said  to  be  optically  active,  and,  since  the  deflection  of  the 
plane  of  polarisation  may  be  either  towardB  the  right  or  towards  the 
left,  the  exhibition  of  optical  activity  oonetitntee  an  enantiomorphous 
property ;    optically   active   subHtances  are   conveniently    classifit^d 


Fra.  X 


Fro,  8. 


308 


Profes^iW  William  J.  Fope 


[May  1, 


iinlesa  some  power  of  fi^lecHon  of  an  eDantiomorphons  nator^  is  ezer- 
ciaed  in  replacing  X  by  Q,  the  doctrine  uf  chance  will  ensare  the 
one  X  grotip  being  replaced  tbe  same  number  of  times  as  the  other  in 
an  enonuoua  number  of  tiny  molecnles.  Thas  there  will  result  just 
tlie  fiatue  amount  of  the  right-Lauded  opticallj  active  substai^ce  tA  of 
ita  left-handed  isomeride.  When  an  optically  active  substance  is 
prepared  in  the  laboratory  it  is  therefore  obtained  ae  a  mixture  of 
two  enantiomorphously  related  isomer] dee  ;  such  a  mixture  is  Mkidi  to 
be  oompensatcd,  because  the  rij^ht-handednoeR  of  the  one  component 
is  just  counterbalanced  by  the  left-handednese  of  the  isomeric  con- 
stituent. Thes€  oomptineated  substances  are  represented  by  the  third 
tetrahydroquinaldine  previous  referred  to  hut  not  further  diaeusBad. 

Since  one  of  the  great  problems  with  which  clK^mietry  is  grap- 
pling involves  the  synthetic  preparation  of  naturally  occurring 
optically  active  substances,  it  is  of  the  utmost  importance  that  the 
chemist  should  be  in  posaosBion  of  working  methods  for  resolving 
these  com  pen  Bated  mixtures  into  tlioir  optically  active  components. 
All  kinds  of  methods  applicable  to  euch  resoliitiona  necessarily  involve 
the  introduction  of  enantiomorphism— either  of  method  or  of  material. 
Three  types  of  method  wer^j  introduced  by  Fasteur,  namely,  (1) 
spontaneous  reaolntion  by  crystallisation,  (2)  resolution  by  combina- 
tion with  optically  active  Bubstauc^,  and  (3)  reeolution  by  the  action 
of  living  organisms* 

The  first  kind  of  method  depends  upon  ihe  faot  Uiat  on  orystallis- 
ing  a  compensated  sabstatice  it  sometimes  deposits  oryetats  of  the 
dextro-  and  the  Iffivo-iBomeride  side  by  side,  and  of  such  si^e  tltat 
they  can  be  mechanically  sorted.  Tlie  enantiomorphotig  Ibctor 
determining  the  separation  in  this  kind  of  method  is  obviously  the 
enantiomorphoua  intelligence  which  has  the  power  of  discriminating 
between  right  and  left-handednese.  This  sort  of  method  ie^  un- 
fortunately, hut  rarely  applicable,  owing  to  the  fact  that  two 
enaotiomrtrphouBly  related  substances  usually  cryatalliso  together  in 
tho  form  of  a  loose  chemical  compound. 

The  second  kind  of  Pasteur  method  is  applicable  to  the  resolution 
of  eotnpcD sated  acids  and  bases,  and  depends  upon  the  following  con- 
sidemtions.  On  combining  a  componsated  basic  substance,  viz.  a  mix- 
ture of  d-B  and  1-B,*  with  an  optically  active  acid,  say  d-A,  a  mixture 
of  two  saltB,  namely,  d-B,  d-A  and  1-B,  d-A,  will  be  obtained.  These 
salts,  however,  are  not  enantiomorphously  related,  as  will  be  realised 
on  substituting,  for  illustrative  purposes,  a  hand  for  the  base  and  a 
glove  for  the  acid.  The  combination  d-B,  d-A  will  then  be  repre- 
sented by  a  right  hand  in  a  right-handed  glove,  whilst  the  combina' 
tion  1-B,  d-A  will  correspond  to  a  left  hand  in  a  right-handed  glove* 
The  struggles  of  the  left  band  with  the  right-banded  glove  will  not 
be  a  factor  in  determining  the  behaviour  of  the  appropriately  sorted 
right  hand  and  right-handed  glove.     Bo  also,  the  properties  of  the 
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Babstance  d-B,  d-A — its  solubility,  meltiag  poiot,  etc.— will  be 
eonditian(}d  bj  an  anaiitiomorphoufl  relation  ship  of  quite  a  different 
order  from  that  determining  the  eorreapondiiig  properties  of  tlie  salt 
l-B,  d-A  ;  the  eol abilities,  being  detertnined  by  different  fact^jrs,  will 
notarally  also  differ,  and  tbo  two  salU  will  tbarefore  be  separable  by 
erjetAllisatioii.  The  first  reeoltition  of  a  compensated  base  was 
effected  by  Laden bnrg  in  1885  and  consisted  in  resolving  the  syn- 
ihetto  alkaloid  ooniine  into  its  optically  active  components — one  of 
which  proved  to  bo  identical  with  the  alkaloid  contained  in  the 
jdee  of  the  hemlock ^ — by  crystallieing  it  with  d~tartario  aoid.  Since 
this  date  the  methods  of  resnWing  compensated  bases  have  been 
materiallj  improved  by  the  applicatioo  of  optically  aetive  acids 
derived  from  camphor  for  use  in  place  of  the  deitro- tartaric  scid, 
and  an  erporiment  in  illustration  can  now  he  ahown  on  the  lecture 
table.  On  adding  a  solution  of  ammonium  dextro-bromocatitpLor- 
lulphonate  to  a  solution  of  Cf:impenBatod  tetrahydro-/3-naphthylamine 
hydroohloride,  a  white  cryetaUine  precipitate  of  d-tetrahydro-^- 
aaphthylamine  d*bromocampborsnlpbonata,— the  lialt  d-B,  d-A,^ — 
IB  thrown  down,  whikt  the  Iroyo-tetrabydronaphthylamine  remains 
in  the  eolation  a«  its  hydrochloride.  The  resolution  in  this,  and  in 
many  other  cases,  can  thus  be  very  rapidly  effected,  and  by  still 
farther  applying  the  optieally  active  cam phorsulph onto  aeids  a  con- 
tiderahle  extension  of  the  original  van't  Hoff-Le  Bel  theory  hna 
beeome  possible.  These  workers  traced  all  (mees  of  optical  activity 
to  the  presence  of  an  aaym metric  carbon  atom  and  deduced  from 
their  work  the  conclusion  that  the  environment  of  the  carbon  atom 
ia  methane  is  a  tetrahedral  one.  It  is  true  that  all  the  optically 
active  flubstanees  which  have  yet  been  obtained  from  natural  soar  cos 
owe  their  optical  activity  to  the  presence  of  an  asymmetric  carbon 
itom,  bat  it  is  important  to  note  that  by  applying  the  second  Pasteur 
method  to  the  investigation  of  synthetic  materials,  compounds  owing 
uptieal  activity  to  the  presence  of  aay mmetric  atoms  other  than  those 
of  carbon  can  be  prepared. 

Thus,  ammonium  iodide  has  the  molecular  composition  NH4I 
and,  like  methane,  ountains  in  its  molecule  four  hydrogen  atoms, 
whioh  are  replaceable  by  other  atoms  or  groups  of  atoms ;  on  replac- 
ing tlieBe  hydrogen  atoms  by  the  four  groups  of  atoma  or  rarlicles, 
methylf  allyl,  phenyl,  snd  benzyl,  a  substance  ia  obtained  which  ie 
eonvenieutly  named  methylallylbenzylphenylammoniam  iodide  and 
has  the  following  constitution — 


I 


r.H*   I    C.H, 


On  leplacing  the  iodine  atom  in  this  molecule  by  an  o] 
iCtive    group    of  atoms,  viz.  by  the   dextrobromucamphorsu] 
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resi^ne,  ttro  BuJta  arc  obtained,  eacli  of  whtoh  contains  an  opticaHy 
active  baeic  part  and  an  optically  active  aoiflic  part ;  those  are  salts 
of  the  kinds,  d-B,  d-A,  and  1-B,  d-A,  and  can  bo  separated  by 
ctj&tallisation  from  a  convenient  solvent,  and  aftor  separation  has 
bc^n  effected^  each  salt  may  be  reconverted  into  the  iudide,  Thege 
regencratod  iodideg  are  fonnd  to  bo  optically  active  in  solntioti,  and 
th«  conclusion  ia  consequently  drawn  that  optical  activity  ib  m 
attribute  of  the  ASjmtuetrie  pentavaleut  nitrogen  atom  as  well  as  of 
the  asym metric  teti^valent  carbon  attim.  The  optical  activity  of  this 
Bubstitntcd  ammonium  compound  indicates  that  its  molecule  baa  an 
euantiomorphous  cotifignration  and  is  extended  in  three-dimensional 
Rpace ;  the  exact  nature  of  this  conJigaration  is  not  yet  known, 
itiasmuch  as  a  space  airongcment  of  €ve  groups  is  concerned,  but  the 
environment  of  the  nitrogen  atom  in  ammoninm  salts  is  cle;arly  net 
a  simple  tetrahedml  one.  Just  as  ananbiomorpbism  has  been  proved 
to  be  an  attribute  of  the  asyrametric  nitrogen  atom,  we  have  also 
demonstrated  that  asymmetric  tetravalout  atoms  of  sulphur,  seleniiuii 
and  tin  give  rise  to  optical  activity ;  optically  active  substances 
having  the  constitutions  sbowu  below  have  been  prepared^  and  we  aiia 
thus  well  on  the  way  towards  obtaining  a  complete  stereochemical 
scheme  embraeing  all  the  elements* 


B 
CI         THjCOOH 
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It  has  been  mentioned  that  optically  active  substances  occur  as 
such,  rather  than  in  the  compensated  form,  in  many  animal  and 
vegetable  products^  and  also  that  when  a  substance  contiiining  an 
asymmetric  carbon  atom  is  prepared  synthetically  in  the  laboratory  il 
is  of  nee^issity  obtained  in  the  compensated  form  or  as  a  mixture  in 
equal  proportion  of  the  dextro-  and  the  Ifflve-isomertdes*  Taken 
together,  these  two  facts  have  a  very  interesting  bearing  upon  our 
speculations  as  to  the  origin  of  animal  and  vegetable  life.  Optic^ly 
active  eubtitancoe  have  been  isolated  as  products  of  the  vital  activi^ 
of  all  forms  ^ef  animal  or  vegetable  life  which  Lave  been  properly 
examined,  but  in  spite  of  this,  they  are  never  obtained  directly  as 
laboratory  prodncta ;  some  enantiomorphous  infiucnce  has  always  to 
be  exerted  in  their  synthetic  preparation,  just  as  Pasteur  applied 
enautiomorphism,  either  of  method  or  of  material,  to  the  resolution 
of  compensated  substances.  It  was  very  strenuously  argnod  by 
Professor  Japp  in  his  Presidential  Address  to  tbo  Chemical  Section 
of  the  British  Association  in  189S,  that  no  matter  how  successful  we 
may  be  in  reducing  the  problems  relating  to  vital  processes  to  mere 
questions  of  physics  and  chemistry,  a  residuum  will  always  evade 
explanation  by  such  means  ;  this  residuum  will  involve  the  discussion 
of  the  way  in  which  the  first  enontiomorphous  substauoe  was  resolved 
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into  its  optically  aotive  components^  This  questioo  involves  the 
ibtrodiictiaii  of  an  enantiomorphons  agency  at  some  period  liuring 
the  evolntionary  development  of  living  matter.  In  attributing 
difficulty  to  the  solution  of  this  residuary  problem,  Dr.  Japp  implies 
tliat  the  enanliomorphous  agency,  the  co-operation  of  which  is 
AMeiitial,  mast  be  an  intelligent  agency.  Let  ns  ask  ourselves 
whether  the  enantiomorphons  agency  premised  is  necessarily  other 
than  one  acting  fortuitously.  The  assumption  of  a  fortuitously  enan- 
tiomorphons agency  is  certainly  all  that  need  be  made  to  explain  the 
building  np  of  many  eu&ntiomorphous  systems.  The  dead  uni verse 
itself,  as  we  know  it,  la  enantiomorphouB,  but  this  fact  has  never  been 
tegarded  as  a  valid  argument  against  the  current  hypothesis  as  to 
the  ^oamic  origin  of  our  planet  Some  degree  of  obscurity  is, 
however,  introduced  into  the  discussion  of  the  primitive  origin  of  the 
optically  active  substanees  now  prtMluced  by  animak  and  plants  by 
the  probability  that  ages  of  evolution  have  transformed  the  primeval 
optically  active  substance  into  multitudes  of  other  and  more  complex 
prod  acta,  have,  in  fact,  accentuated  the  enantiumorphism  to  snch  an 
tt£teut  that  physiological  chemistry  is  now  almost  entirely  the 
ebamistry  of  enantiomurpbou^  Huhetancea.  If  in  any  particular  case* 
however,  we  can  show  that  an  optically  active  subBtance  can  be 
locally  accumnlated,  by  the  aid  of  some  enaDtiomorphous  agency 
iciuig  pnrely  fortuitously,  it  will  be  clear  that  the  formation  of  the 
first  optioally  active  substance  was  not  necessarily  the  work  of  an 
intelligeDt  enantiomorphous  agency.  Such  a  species  of  separation  of 
an  optically  active  substatice  from  a  compensated  one  can  be  readily 
brought  about  in  the  laboratory t  Pasteur  showed  that  ou  crystal- 
Using  the  sodium  ammonium  salt  of  oompeusatod  tartaric  acid 
(taocmic  acid)  at  ordinary  temperature^  large  crystals  separate  i  ouch 
cif  these  consists  of  the  salt  of  one  or  other  of  the  d-  and  1  tartaric 
fteids,  the  separation  being  brought  about  by  the  first  of  the  Pasteur 
methodt.  If  one  of  these  crystals  be  selected  casually^  without  the 
exercise  of  any  selective  intelligence,  and  used  as  a  nucleus  for 
indncing  the  crystallisation  of  further  large  qmrntities  of  the  original 
iolationt  it  will  cause  the  separation  of  salt  of  its  own  kind ;  and 
ultimately  a  large  t|uantity  of  salt  of  one  of  the  optically  active 
(irtAiio  acids  can  be  accumulated  as  the  result  of  the  introduction  of 
tn  enantiomorphous  agency  such  as  might  act  fortuitously  in  a  non- 
living nuiverse.  The  probability  of  such  a  ftjrtuituuuB  agency 
arising  would  naturally  be  far  greater  in  a  living  universe. 

Again,  suppose  that,  at  its  origin,  life  was  carried  on  non- 
enantiomorphoasly,  and  that  it  involved  the  consumption  and  tlie 
production  only  of  non-cDantiomorphous  snbstauces  and  of  com- 
pensated mixtures  ;  it  may  well  be  foreseen  that  a  stage  in  develop- 
ment might  arise  when  each  individual,  in  view  of  the  increasing 
complexity  of  his  vital  processes,  would  have  to  decide  to  use  only 
the  one  enantiomorphous  component  of  his  compensated  foofl  and  iso 
evade  an  otherwise  necessary  duplication  of  his  digestive  apparatus. 
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Acting  imintelli gently  or  fortuitously,  one  half  uf  the  itidmduala 
would  become  destro-beingB  whilst;  the  other  hftlf  would  bectune 
IjBYo-mdiviihials ;  the  succeeding  geiiemtionu  would  thus  l>e  of  two 
onftutioiuorjjhnuBly  related  contigurationB,  It  is.  however,  very 
difficult  to  helicye  that  the  Dotural  selective  ojH^rations  i?hich  have 
been  iDfitTQnientai  in  couducttDg  liviiig  orgjiaiauis  to  their  present 
etage  of  development,  would  allow  the  perpetuiUiou  of  this  ^tate  of 
ftfikiTS  for  BUj  oonsiderable  period ;  aoiue  fortuituouB  eoGkiitioniorphaus 
occurrence  would  temjiorarily  gi?e  the  one  condgiiration  theadvautage 
over  the  other,  an  advantage  which  would  be  quickly  accentuated 
and  would  inTolve  the  perumncnt  dieappearaBce  of  the  weaker  ooa^ 
^gnration. 

The  kind  of  difficulties  iavolveil  in  the  erietenoe,  side  by  side,  of 
individuals  of  dextro-  ond  of  le&vo-teud^nciefi,  may  be  showB  by  a 
simple  illustration.  There  is  no  reason  connected  with  human  enan- 
tiomorpliism  why  voLicular  traffic  should  be  forced  to  keep  to  i>u» 
aide  of  the  road  rather  than  to  the  other  ;  as,  however,  the  conditions 
of  civiliseti  life  have  graiiu ally  become  more  complei:,  eoonoroic  reasons 
have  arisen  forcing  ua  to  make  an  enantiomorphous  selection  and 
in  this  country  we  arbitrarily  force  the  traffic  to  keep  to  the  left ;  other 
countriee  also  make  an  arbitrary,  aud  eometiiues  a  different,  selection. 
Even  if»  when  legislation  on  this  matter  first  became  neceasaty,  the 
population  had  been  equally  and  obstinately  divided  npon  theqiie»stion 
of  the  rule  of  the  road,  we  cannot  doubt  that  by  this  time  the  difficulty 
would  have  been  satlsfaetorUy  and  finally  settled  by  the  ex  term  mat  ion 
of  one  or  other  of  the  enantiomorphonsly  incltued  ])&rtie8  without  the 
co-operation  of  any  intelligent  enantiumorphous  agency. 

I  mentioned  that  Pasteur  gave  a  third  method  for  the  resolution 
of  compecsated  substances,  a  method  depending  upon  the  selection 
ei:ereised  by  living  organisms  uptjn  the  enantioraorphouBly  related 
com  pone  uts  of  the  mixture.  He  foimd,  for  instance,  on  allowing  the 
mould  JPenicillitim  ghmcum  to  grow  in  a  solution  eontaining  oom- 
pen  sated  tartaric  acid,  that  the  mould  ut^ed  tlm  d-tartaric  aciil  as  i 
food-stuff  and  rejected  the  Imvo -isomer ide,  which  latter  could  nlti- 
mately  bo  separated  from  the  solution.  The  kind  of  method  tha£ 
indicated  has  been  applied  with  success  in  a  great  number  of  cases, 
anil  is,  in  tbo  end,  merely  a  special  application  of  Pasteur^s  second 
method.  During  recent  years  a  considerable  change  has  taken  place 
in  our  views  concerning  the  action  of  the  lower  organisms  upon  iheir 
food-stntla.  It  was  formerly  suppoaedj  for  example,  that  tlio  fermenta- 
tion of  sugar  by  an  ordinary  beer  yeast  is  a  part  of  the  vital  prtwess 
of  the  organism  itself,  that  the  sugar  taken  lu  as  food  by  the  crganisin 
is  finally  thrown  out  in  the  form  of  carbon  dioride  and  alcohol ;  it  ii 
now  elearj  however,  that  the  formation  of  these  two  products  is  in  no 
way  a  vital  procees.  On  triturating  yeast  with  powdered  quartz  so 
as  to  sljatter  the  cell  walls,  and  expreHsing  the  pulp  thus  prtxiuce^, 
Buchner  succeeded  in  obtaining  a  solution  which,  when  mixed  «ith 
sugar  solution  converts  the  sugar  into  carbon  dioxide  and  aleohol. 
This  fermentation    ia    therefore   not    a  vital  phenomenon   but  is  a 
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cfaetiiical  aetion  induced  by  some  noo-liTing  aubstaDce  contained  in 
the  4:xpreBsed  juice  of  the  yeaat  cells.  This  eubstance— zymase — has 
bet^n  isolated  in  the  solid  state  ami  belongs  to  the  class  of  substances 
knoiiv^n  a«  xinoTganised  ferments  or  enzymes.  Although  many  enzymes 
Kre  knuwo,  eacsh  active  in  induoiiig  the  occuiTt^noe  of  some  particuLir 
chemical  cbange  or  changes,  nothing  is  as  yet  known  as  to  their 
mtilecnlar  constitutions ;  ages  of  evolution  have  given  such  complexity 
to  theee  snbstaoeea  that  a  tientnry  or  lesR  of  ehemicai  investigation 
ktte  contribiited  practically  nothing  towardB  elucidating  their  nature. 
Dnring  the  invesligatian  of  great  numbers  of  casoH  of  animal  and 
?eget«ble  v^ital  activity^  instances  of  tbe  action  of  enzymes  have  been 
fcNmd,  the  function  of  the  enzyme  being  to  bring  about  tbe  molecular 
degradation  ami,  in  certain  casei$,  the  molecular  complication,  of  more 
ur  less  complex  materials  used  or  produced  in  the  organism.  As  an 
example  of  molecular  degradation  due  primarily  to  euzymic  iictton, 
the  action  of  zymase  on  grape  sugar— d-glucose— may  be  quoted.  In 
i^ueona  solation,  one  moloculo  of  grape  sugar  becomes  directly 
fiODVertcMl  into  two  molecules  of  alcohol  and  two  mokcules  of  carbon 
dioxide,  in  accordance  with  the  equation — 

C.HjA  =  2C,H,0  H-  2CO3, 


by  the  ensyme  zymase.  The  enzyme  itself  suffers  no  permanent 
change  as  a  resnlt  of  exercising  the  power  of  causing  this  chemical 
raifltaon  to  take  plac«f,  bo  that  a  comparatively  minute  quantity  of  the 
inzyme,  acting  for  a  more  or  le^s  prolonged  [leriod,  is  able  to  convert 
SD  unlimited  quantity  of  grape  «ngar  into  alcohol  and  carbon  dioxide. 
The  power  which  tbe  eixssymo  poeeosses  of  inducing  the  occurrence 
of  some  chemical  r^tction  which  otherwise  dues  not  take  place  is  not 
peculiar  to  enzymes ;  many  substances p  which  are  all  classed  together 
m  the  ao<-called  catalytic  agentB,  are  known  to  exercise  the  same  sort 
of  influunce  in  ftssieting  a  chemical  reaction  to  occur.  Thus  the 
iction  of  finely  divided  platinum  in  causing  certain  inflammable  gases 
to  ignite  in  atr  at  the  ordinary  temperaturo  is  a  catalytic  action.  The 
particular  function  exorcised  by  enzymes  in  animal  or  vegetable  life 
ociasiatfl  in  bringing  about  chemical  change  quietly  and  contlnuouBly 
without  neoesaitating  the  applitmtion  of  any  Tiolent  chemical  effects 
moh  as  we  are  in  the  habit  of  using  in  the  laboratory.  Although 
tb«y  proceed  so  quietly » the  chemical  changes  thus  effected  are,  in 
toaoy  casea,  changes  which  we  have  not  yet  succeeded  in  carrying 
oat  without  the  assistance  of  an  enzyme ;  in  the  conversion  of  sugar 
ioto  alcohol  and  carbon  dioxide,  zymase  is  performing  a  reaction 
which  has  never  yet  been  brought  about  by  the  nee  of  the  ordinary 
llbotKtory  uiethtxls. 

Without  quoting  more  specific  instances^  it  may  be  generally 
ftated  Ihat  most  of  the  cases  of  enxymic  action  hitherto  investigateil 
W9  mma  in  which  a  large  molecular  complex  is  degroded  or  broken 
dowii  mlo  substancei  of  lowar  molecular  weight.  But  it  la  important 
la  note  that  the  organism  is  also  the  seat  of  processes  which  result 
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in  tbe  building  up  uf  verj  complex  molecules  from  simpler  od€6^  sttch 

for  instance,  as  the  formation  of  starch  from  carbon  dioxide  and 
water*  A  specific  case  in  wbicb  enzymic  aetioG  leads  to  the  pro- 
duction of  a  complex  substance  from  (ampler  ones  has  been  recently 
worked  out  by  Fiscber  and  Armstrong*  who  show  that  the  enzyme, 
lactase,  converts  tbe  sugar  galactose^  C^H^^jO^^  into  a  new  sugar,  iso- 
lactose,  CijHaaOii,  of  nearly  twice  the  molecular  weight  of  the  former. 
All  the  enzymes  witb  which  we  are  acquainted  appear  to  be 
enautiomorphans  bodii^s ;  they  are  perhaps  substances  to  wbicb  no 
defiBite  molecular  composition  can  ever  ba  assigned,  inasmuch  as 
they  may  be  syBtems  consistiDg  of  a  number  of  iiifferent  true  chemical 
compoui]ds,  the  system  being  one  vvhieb  becomes  endowed  with 
extraordinary  chemical  activity  when  placed  in  a  suitable  environ- 
meut.  The  enantiomorphiam  of  the  enzymes  has  been  repeatedly 
demonstrated  during  the  eourse  of  Emil  Fischer's  remarkabk 
synthetic  work  on  the  sugars.  Fischer  auooaeded  in  preparing  fmJt 
sugar  by  pnrely  synthetical  methods  as  a  mixture  of  the  ile^tro-  and 
the  l»vo-i&omerides ;  in  order  to  isolate  the  previously  unknown 
l-fructose  he  applied  the  third  Past^^ur  method  in  that  he  cultivated 
a  yeast  in  tbe  solution  ol  the  compensated  fructose.  The  yeast 
enzyme^ presumably  zymase— has  arrived  at  its  present  stage  of 
development  by  passing  through  countless  generations,  all  of  which 
hav©  been  fed  upon  sugai-s  of  tbe  dextro-configuratiouj  these  being 
the  only  ones  occurring  in  nature.  In  Fischer's  experiment,  the 
enayme  therefore  readily  devoured  the  d-fi-«cto«e  but  refused  to 
touch  the  l-fructosCt  which  had  never  before  been  presented  to  it. 
The  I'fmctose  was  of  course  subi^equeiitly  isolated  from  the  Kxlutioa. 
The  ueed  for  compatibility  between  the  enzyme  and  the  tnaterial 
upon  which  it  has  to  act  is  very  elegantly  illustrated  by  considering 
the  effect  of  yeast  upon  a  number  of  optically  active  and  isomeric 
iugars.  In  the  table  are  given  the  coDstitutions  of  a  number  of 
sugars  of  the  composition  C^fi^JJ^^  the  configuratious  of  the  three  or 
four  asymmetric  carbon  atoniB  preient  in  the  molecule  being  indicated 
by  writing  the  hydrogen  atoms  on  the  right  or  the  left  of  the  figuro, 
as  the  case  may  be. 


COH 
H  G'OH 


CHjOH 
C:0 


COH 
HOC'H 


COH 
HCOH 


COH 
HOCH 


HO'CH 

HO  C  H 

HO  C'H 

HOC  H 

HO  C  H 

HC  OH 

H  0  OH 

H-COH 

Hor-H 

HO  C  H 

H-C  OH 

H  COH 

H  COH 

HCOH 

H-C  OH 

OH,OH 

d-GlucOtie. 

CH,OH 

d'Fruotoee. 

CHjOH 

CH,OH 

d-Cftlflct(»He. 

CH,OH 
d-TWqse. 

The  beei   yeast  ferments  d-glucose,  d-mnnni  se  and  d-lructose, 
each  of  which  co&taius  a  similar  set  of  three  asymmciric  carbon  atoms 
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in  the  moleould,  with  nbont  equal  facility ;  d-g&Iactofle  ib,  ho^eTer^ 
only  fermented  vrith  diflSanlty — of  its  four  aaymmetric  carbon  atoms, 
one  differs  in  coufiguration  from  tho  ooiresponding  one  in  the  easily 
fermentable  d-glticose ;  d-lalose,  in  which  two  of  the  asymmetric 
carbon  atoms  dtjSer  in  configuralioQ  from  the  correflponding  atoms  in 
d-glucoee,  is  quite  um&Secsted  by  the  yeast.  It  ie  just  as  if  the  enzyme 
were  proTided  with  hsjids  which  enable  it  to  grip  the  sugar  mule- 
cole  before  tearing  it  to  pieces ;  with  these  hands  it  gripa  the  corre- 
tponding  bands  of,  and  so  obtaing  a  firm  hold  upon,  the  molecules  of 
u«  first  three  sugars.  The  eazyme  <^n  only,  however,  grip  the 
d-gifcljtctose  molecule  by  two  hands  and  so  obtains  a  less  firm  hold. 
Owing  to  tbe  greater  incompatibility  between  the  zymase  and  the 
d*tftloee  the  former  obtains  too  feeble  a  hold  on  the  latter  to  enable 
it  ta  make  a  successful  assault,  and  the  sugar  therefore  remains 
nnfermentad* 

The  fact  that  the  obemical  reaetiona  of  animal  and  vegetable 
physiology  oonsist  in  the  main,  of  the  production  or  destruction  of 
optically  active  snbstanoea  through  the  agency  of  enantiomorphous 
enxymes,  is  one  of  enormous  importance.  The  complex  substances 
concerned,  such  as  starches,  albuEnins  and  food^stuffs  generally,  occur 
in  oature  in  but  one  of  the  enautiomorphoosly  related  configurations ; 
ill  the  albumins  arc  l£Bvo-rt:)tatory,  all  the  starches  and  sugars  are 
derived  from  destro-glucose.  Since  Fisoher's  work  teaches  ua  that 
noQje  of  tie  sugars  derived  from  Itevo-gluoose  ate  fermentable  by 
jQMt,  it  would  seem  to  follow  as  a  legitimate  oonclusioo  that,  whilst 
d-glueose  is  a  valuable  food-stu^Tf^we  abould  be  incapable  of  digestiog 
ik  enantiomurphously  related  isomeride,  1- glucose.  Humanity  is 
therefore  composed  of  dextro-mon  and  dextro -women.  And  just  as 
ir«  ourselves  would  probably  starve  if  provideii  with  nothing  but  food 
enantiomorpbously  related  to  that  to  which  we  are  aocuHtomed»  so,  if 
ear  enantiomorpbously  related  isomorides,  the  Imvo-men,  were  to 
oottte  among  us  now,  at  a  time  when  we  have  not  yet  succeeded  in 
preparing  synthetically  the  more  important  food-stuffB,  we  should  be 
tmable  to  provide  them  with  the  food  necessary  to  keep  tbem  alive. 

[W,  J.  P.] 
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GENERAL  MONTHLY  MEETING, 

Mondsj,  May  4,  1903. 

Sm  J  AMIS  CaiOHTON-BaowNE,  MJ).  LIj.D.  F,E,S,,  Treftauret  and 
Vice^PreBident,  in  the  Cbair* 

The   Chairiuan   armtiiineed   that   His   Grace  the  Prtsident  bid 
ncminftted  the  folUiwiug  Vice-Preai dents  for  the  ensuing  year:^ 

Sir  Beigamin  Baker,  K,C,B.  E.C.M.G.  LL  D,  D.8e.  F,B.8. 

Sir  Frederick  Braniwell,  Bart.  D.C.L.  LL.D.  KR.S. 

The  Rt.  Hon.  The  Earl  of  Habbm-y,  M.A.  D.CX.  F.R,S. 

Donald  WilHani  Cbarlra  Hood,  C.Y.O.  M.D. 

The  Et.  Hob.  Lord  Lieter,  O.M.  M.D.  D.CX.  LL.D.  D.i^c,  F,E.& 

George  Matthey,  Eeq.,  FJi,S. 

Sir  James  U  rich  ton -Browne*  M,D.  LL,D.  F.B,a  TreoMtrer. 

Sir  William  Crookee,  P.R.S.  Honorary  Secretary, 


Willi  am  Macdonald  Bird*  Eeq* 

Sir  Edward  Hamer  Ciirbutt,  Bart.,  J.R  MJost^CX 

Conatantlne  Craies,  K^q. 

Harold  Malcolm  Duncan,  Esq. 

Alfred  Pearce  Guuld,  E&q.,  FJi.C,S, 

John  C.  Hawkflbaw,  Esq.,  M.A.  M.  Inst.  C.K 

J.  G.  Hossaek,  Esq. 

Captain  Henry  Arthur  Johnatome, 

Lieut.-CoK  W.  R,  Murphy,  D.S.O. 

Major  George  J.  W,  Noble, 

Mrp.  George  J.  W.  Nobk, 

HeFeltitie  Augnstne  Owen,  Esq. 

Charles  John  Radermacher,  Esq. 

J.  B.  L.  StilwelU  Esq. 

Robt^rt  Gneme  Watt,  Esq. 

Arthi;ir  Charles  Wombwell,  Esq. 

were  elected  MemherB  of  the  Royal  Institntiou, 

The  Spedal  Thanka  of  the  Hem bers  were  retmrned  to  Mrs,  Fmfii 
Lawson  for  her  DoDation  of  £50  to  the  Fund  for  the  Promotion  of 
Experimental  Be&earch  at  Low  Temperatures, 
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The  Pbbbknts  recetved  einoe  the  kst  Meeting  were  laid  oa  the 
t&ble,  and  tho  thanks  of  the  Members  retaroed  for  the  same,  viz, : — 

raoM 

Tkt  Secr^mry  of  Sit^  for  India — 
QtielogieQi  S'trvetf  of  India— 
Uemoita,  VoL  XXX in.  Part  8.    8va     1902. 

Arobsolof^cat  Survey  of  Western  India,  VdI.  IX.  Xorthem  GQJaT&t.    4 to. 
1903. 
Ab'feThaMemi   E,   E§q.   (the  AuthnT)—Hydto\ym  dea  Kry^tallbiften  Oxvhiinto- 
globisB  &U8  Prerdebliit.    Sto,     1£K)3. 
Hydrolite  de&  Edestius     Bto,     1903. 

Hxdroljse  dm  KrystaUiairtcn  SeriimalbumlnB  aui  Pfei-ilcblut.     Svn      1902. 
Oxjdfttion  von  EiweinB  mit  Pormangfinat.    8vo.     1903. 
dtaadamia  dei  lAncei^  Itenle,  ^mrni^-Ol^^^e  di  Soicnzt^  Ffaiche«  Mntemntiche  e 
Natuntt,    Atti.  Serie  Qutnta:  HetidicocLti.     laSemeatre,  Voi  XLI.  Fuse.  1. 
Nol  a     8to.     1&(i:l 
dmmifan  Academy  (tfjbia  and  JScietwY*— PrOcseedingS,  Vol.  XXXYIII.  Nos,  1 0-1 S. 

8to.     1902. 
AmtHmn  Omtgraphieal  Soe/^li^— Bulletin.  Vol.  XXXV.  No.  1.    gvo.     1903. 
Ifv'otJo  dociify,  JZoyol— Joamai  for  Apnl,  i^jri.    Sm 

dftrmfmScta  Soeiclu,  Eotjtsl—lAonihly  Noticea,  Tat  LXIU.  No.  5,    1905.    Sva 
Cii*fe— Journal  f<>r  April,  lf*ii;^ 
JmiiUd^  o/'— Jounjul,  Vol.  XSIV.  Pmrt  4.    8m     1903. 
B^mLNatUTjor*eh*-iid^  *ie#«/£iirJi<j/e^Vurhatidltangeii,  Baud  XV.  Heft  1 :   Band 
XVt    Svo.     iyu3. 

Jfcj|/Bil  /<«od^y  of  &jie«fts*— Bulletin,  1903^  Noa.  t.  2,     Svn. 
r^m.  Cdur.  et  iiiitre«  Mfm,  Turns  LXII.  F&ac.  4;  Tome  LXIIL  Faad,  1-3. 

Hem.  Cour.  ct  deis  ^aTAntft  etT&Dgereit  Tame  LIX*  Fnao.  4 ;  Tome  LXU.  Fimc^  'i. 
4to.     iyf>3. 
£«*/(«!  Fubiic  Lihrarfj — M«nLhly  Bulletin  for  April,  1903,     8to. 
Uriii^  AT^Hecbf^  Eot/al  Itkstttulc  «/— Journal,  Third  Seriea,  Vot  X,  No.  12. 

4to      1903. 
MrU*§h  Atirowmmffd  At»ocieUion—^ouTn&U  Vol  XII L  No.  6.    8to.     1903. 

Hetooin,  Vol,  Xll.  Fart  L    8vo,     190H. 
BritiMh  Stmth  Afrtrji  Company — Export b  on  the  AdminiBtration  of  Bhodeaift* 

I90()-lyo-i.  with  Apj^tidix.    4 to.     1903. 
fiiwfwi  jlyrw,  CUu—Uonihly  Bulletin  of  Municipal  Statifltios,  Feb,  190li.     4to, 
CttwdfTidge  FhiUmphictd  i*NHe/y— Proceed  in  sa.  VpI.  XII.  Part  2.    8vo.     190S, 
Qmmeal  Induttrtj,  Soeiett/  o/-^oiirDfl!.  Vol.  XXII.  Nob.  7,  8.    8to.    1903, 
Cleniltial  Scet'eijf—Froceed'ingi,  Vol.  XIX.  Noe.  2t»4,  :^65,    8to,     1901^. 

Jovnial  for  May,  IffOS.     8vo. 
Gifvmfrw,  MfpitMi^  of  (MiuUteHo  de  ReJjioi&net  EsUifriorw) — Analee  Diplomatioos 

y  O)!iinilaroii/romu  11.     J^va     19CIL 
0*(e,  Eugene^  Etq.  (f^e  /iMiAor)— The  Volcmio  Origin  of  Natuml  Gm  aud 

Petroieum.     8vo.     1»03. 
€n9»t4«  Ar'ttdrtntf  nf  Sn^etwe* — Bulluiiu,  Ct^Li^ae  de^d  Beienqeiii  MatheaiAti<iU«8, 

190.%  No.  2.  Clcujsfl  dn  Philolo-io,  ISJ03,  >foH.  1,  'J.    Svo. 
^JJiCfl     Agfotiautioal  Juurnal  for  April,  lOu^.     I^vo. 
Amarifllii  JuurtiaJ  of  .Science  for  April,  1903.     8to. 
AMlfst  for  April.  1903.     Svo. 
Aitroptijaiful  Jonrual  for  April,  191)3.     StOii 
Atbeumum  for  April,  190;^.     4 to. 
.lutbor  for  May,  I9«>H.    8vo. 
Boaid  itf  Trade  Journal  for  Aprils  1903*    8vo. 
Brewira*  Journal  for  April,  190^1     Sva 
ChtJioical  Xewfl  for  April,  1903.    4 to. 
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Edif&rn^^iH  tin  ued. 

Oheiuiat  and  Dni^st  for  April,  190H.     8vc*, 

KWctri^l  KogiD^^er  lor  April,  1903.     foL 

ElpctricftI  Review  for  Afirilt  1903.    4to. 

Electrical  Timea  foF  April,  ItHK!.    4to. 

Electricity  for  April,  1903.    8to, 

Bngifteer  for  April,  IHilS.    foL 

ED^nemn);;  for  April,  IIIOIS.     fol. 

FeiMen't  MHi*Bxiae  tnr  April,  1W3.     8to* 

BamustjpatbifV  Itevifw  fur  April,  190^.    Bvo. 

Horotogical  Jouriuil  fur  May,  1003,    Svo, 

Journal  of  tUe  Briiigh  DeDtal  ABBnL-iii,iioii  for  April,  1903.     Svo. 

JourDftl  of  State  Mulioine  for  April,  VM2.    i^Svol 

Law  JourG&l  for  Apiil,  19(i:i     8vo. 

Loiidou  Teoliriknl  Edufm^tiDn  Gas^tta  for  April,  1903, 

liotidon  Univerftity  GaJtette  for  April,  liJ(>:L    4to. 

Mnchinery  Miirkt't  for  April,  J9)i3.     8vo. 

Model  EugiBeer  for  April,  1903.     8vo, 

Hoia  Beieatifique  fur  April,  l^^y.i.     S?o. 

Motor  €&r  JotutdmI  for  April|  I90:i    Svo. 

Motor  Car  World  ftir  April,  1903.     4to. 

Mtiaid&l  Times  for  April,  190:-S.     Svo. 

Nature  for  ApriK  lUtiS.    4to. 

New  Churcb  Mhgftzine  for  May,  1903,    Svt\ 

NuoTO  Cimeuto  for  Feb.  190'i.    8¥o. 

P&ge^si  MugMzine  for  April,  1903.    Svo. 

Photiigrupliid  Newa  for  April,  1903.    Bva, 

PhvBjrfil  Review  for  April,  190^1    8vo, 

Popular  Astronomy  for  April,  1903.     Svo. 

Publio  Health  EDgtncer  for  April,  1903.    8fo, 

Travel  for  April,  19<»3.    8vo, 

World's  Fair  Bullolin  for  AprU,  1903.     4 to. 

Zoophilist  fi>r  April,  19n3.     4tu. 
Electrical  Emfineers^  TnMituiion  o/— Journal,  Vol.  XXXII,  Part  1*.     8 to.     19(J3. 
FIor€»f*f,  Dibfhif4^a  ^aeiV/flofc^Bnlletin  for  April,  1^03.    8to. 
FranJdin  ImftiUdt^Jontu&l  Vol.  CLV.  No.  4.    8to.     1903, 
Gtoqraphitml  Soekty,  Ftoyfd — Gf<ogrfliphica,l  Joumfll  for  May,  1903.     8to. 
GefdogiGoi  iib<t/rfy— Quarterly  JourniU,  Vnl.  LIX.  Part  1.     Svo.     1903. 

Abstrftcts  of  Proccediti*:^,  No,  776.     1903, 
Jnliiis  HopJiin"  C«iV^er*t(y— American  JotjrJiitl  of  Phili*logy.  Vol.  XXHL  No.  4 

8  TO.    mn. 

Univeriiity  Ciroulara,  VoL  XXII.  Na.  102.     4to.     1903, 
Unireiflity  Btudieti,  i^eriea  XX.  Noa.  2-12,  and  Extra  No,    8yo.     1902. 
Leigftti^,  John.  E»q.  Af. /;,/.— Ex- Libria  Journal  for  April,  1903. ^  Svo, 
Linn  fan  Society- J  oumnl  BoUoy,  Vol.  XXX  VL  April,  1903.     Svo. 
Mm^AesUr  Liierary  attd  t'hiloaophic4d  Soctety—I'toceedlQgfi,  Vol.  XLVII.  Part  3* 

8ya     1903. 
JfoAdie^fer  Siecim  Users  A**ociati(m — Boiler  Exploiioos  Actt),  1882  and   l^U, 

RcportB,  Xo.  1320-1387.     foL     1902. 
Meifftani&tl  Efigimert,  Inditution  o/— Proceed tn^'H,  1902,  No.  4.    8vo.     1903, 

Lilt  of  Meiiil»*?rs,  190:(.    Svo. 
MeUorQloffiml  S€>ciety,  Ji'qj/hJI— Meteorologieal  Record,  VoL  XSJl.  No.  87,     Svol 

19031 
JfflCtVo,  Imperial  Gtuloffical  Jiw( i7«/e=l3iLUetin,  lio.  IC.     4to.     1902. 
Mt^ic(^^SQeCtdad  Cieidijini  'MwfontV  ^  ?cai^  "—Mtiraorias,  Tomo  XV IL  Nos.  4-6; 

Tome  XTIII.  Ni«.  1,2;  Tome  XIX.  No.  1.     8vo.     1902. 
MifTQ^AOpioal  Society t  lio^nl — Journal  (or  April,  1903.     Sro. 
2favy  League — Navy  Leagfue  JournBl  iVir  April,  1903.     8to. 
NeiV  J^TKfj  &w(0ffi'f'fi  Survey— AnjiiiBl  Report  for  1902.     8vo.     1902, 
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Nem  SmUh  Wales,  Agenl-Oeneralfor— The  Seven  Colonies  of  Australia.    By  T.  A. 

Goghlan.    8m     1902. 
New  Zealand,  Regittrar-General — Report  ou  the  Census  of  New  Zealand,  1901. 

4to.     1902. 
OdomUilogical  Society— Transactione,  Vol.  XXXV.  No.  4.    8?o.    1903. 
OmMt,  Profeeeor  H.  K. — Communicatiuns,  No.  81.    Supplement,  Nos.  4,  5.    8?o. 

1903. 
Peimtylvania  Univerrit^ — 
Pnblioations:  Astronomy,  Vol.  II.  Part  1.    4to.    1903. 

University  Bulletin,  Third  Series.  No.  2.  Parts  1,  2.    8vo.    1903. 
PerUy  Cuerpo  de  Ingenieros  de  Mituu — Boletin,  1902,  No.  2.    8vo. 
PkamaeeuUcal  Society  of  Great  Britain — Journal  for  April,  1903.    8vo. 
Pkotographie  Society^  Royal — Photographic  Journal  for  March  1903.    8vo. 
Pickering,  E.  C.  E$q.  {the  Author) — A  Plan  for  the  Endowment  of  Astronomical 

Research.    8vo.     1903. 
QftdceU  Microieopieal  du^— Journal  for  April,  1903.    8vo. 
Bighi,  Profeeeor  A.  (the  ilut^or)— Sulla  lonizzazione  deiPAria.    4to.    1903. 

n  Moto  dei  loni.    8yo.     1903. 
Boyal  Irish  iloociemy— Transactions,  Vol.  XXXII.  Section  B,  Part  2.    4to.    1903. 
JZbya2  Society  of  Edinburgh— Proceedinga,  Vol.  XXIV.  No.  4.     8vo.     1903. 
Hemal  Society  of  London— Philosophical  Transactions,  B,  No.  214.    4to.     1903. 
Proceedings,  No.  473.    8vo.     1903. 
Tear  Book,  1903.    8vo. 
Samiiary  Jnstittito— Journal,  Vol.  XXIV.  Part  1.   And  Supplement.   8vo.    1903. 
Scottish  Society  of  ArU,  fioyoi— Transactions,  Vol.  XV.  Part  4.    8vo.     1903. 
SObome  Soc^— Nature  Notes  for  April,  1903.    8vo. 

Annual  Report,  1902-3.    8vo.     1903. 
Society  of  .irts— Journal  for  April,  1903.    8vo. 

Sonyhmrst  College  O&MTTatory— Results  and  Observations,  1902.    8to.     1903. 
Smcdcn  Royal  Academy  of  ^S^nencet— Ofversigt,  Vol  LIX.    8vo.     1902-8. 
I^Kdbtni,  rrof,  P.  Hon.  Mem.  R.I.  (the  Author) — Memorie  della  Societa  degli 

SpettroBoopisti  Italiani,  Vol.  XXXII.  Disp.  3.    4to.    1903. 
IWnto,  University  of — 
Studies :  Biological  Series,  No.  3.    8vo.     1902. 
Geological  Series,  No.  2.    8vo.     1902. 
Psychological  Series,  VoL  IL  No.  1.    8vo.     1902. 
VftHed  Service  Institution,  RoyaH—ZovunoX  for  April,  1903.    8vo. 
VnHied  States  Department  of  Agriculture— AnnnBl  Summary,  19U2.    4to.    1903. 

Monthly  Weather  ReTiew,  Jan.  1903.    4 to. 
Vwiied  SttUes  Patent  Cft^-Offlcial  Gazette.  Vol.  CUI.  Nos.  5-8.    8vo.    1903. 
Fem'n  t»r  BefOrderung  des  Qewerbflemes  in  PreuMen — Verhandlungen,  1903. 

Heft  4.    8va 
Fiema,  Imperial  Oeologioal  Institute — ^Verhandlungen,  19U3,  Nos.  2-4.    8vo. 
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Jtfr.  H.  Bid^r  Haggard 


WEEKLY    EYEKTNG  MEETING, 
Friday,  Maj  B,  1903. 

Sib  J  AUKS  Cbichtoh  Browne,  M.D.  LL.D.  F.R.8.,  Treasurer  ami 
Vice-I^sident,  in  the  Chair* 

H.  Rides  Haoc^abd,  EIhq, 
Murai  England, 

Thm  subject  upon  wliiok  1  hare  the  honour  to  address  you  to-nigbt  is 
BO  vast  that  I  confess  I  hardly  know  how  it  should  b6  approached. 
Becently  I  have  found  two  5* ears  of  incessant  labour  very  m adequate 
to  the  collection  and  consideration  of  the  body  of  facts  which  are 
treated  of  in  my  work  '''Rural  England,"  and  some  twelve  hundred 
pagei^  of  close  print  scarcely  suf&cient  to  their  record. 

How  then  am  1  to  deal  with  thoni  intelligently  under  the  same 
great  title  within  the  space  of  a  single  hour? 

I  must  confine  rnjBelf  to  certain  asj>ect8  of  the  subject^tbat  ifl 
clear — aad  evon  fio,  ask  you  to  forgiv*?  ine  if  I  omit  much* 

In  those  aspects  aie  invoWed  the  difficult  and  debated  question  of 
Bmall-holdings ;  tbeir  relation  to  national  health  and  welUbeing ; 
tlie  methods  which  would  best  promote  their  eBtablishmant  and 
malt] plication,  and  their  working  in  practice  illuBtrated  by  certain 
examples  with  which  I  am  aoquainted.  Also,  if  time  allows,  I  should 
like  to  say  a  few  words  on  the  present  position  of  the  agricultural 
laboorer,  the  very  important  matter  of  rural  housing,  aud  the  pallia^ 
tives  that  I  propose  for  some  existing  evils. 

Speaking  broadly,  although  of  cimrse  its  phyBical  conditions  are 
the  same^  the  England  of  the  past  must  have  been  a  very  diflerent 
country  from  that  with  which  we  are  acquainted  to-day.  Then,  the 
Iftnd  was  the  main  strength  of  Britain,  now  commerce  is  its  8treDgtb. 
Then^  except  for  occasional  foreign  wars,  our  eu orgies  were  conoan- 
trated  at  home,  now  they  are  di^uued  uver  every  quarter  of  the  globes 
Then,  Empire  abroad  was  btit  a  dream — in  the  beginning  not  so  oucli 
as  that — now,  although  some  argue  that  it  brings  no  adequate  umtcri»l 
advantage  to  our  toiling  millions^  we  think  and  talk  of  little  else,  and 
in  a  sense  are  lost — ns  well  we  may  be— in  the  coatemplatioiL  of  the 
glory  of  a  world-wide  rule.  Then»  we  grew  the  food  we  ate,  and  at 
times  even  exported  f^ome,  now  we  import  three  parts  of  it,  and,  in  the 
event  of  a  few  defeats  at  sen,  must  begin  U)  starve  within  a  dozen 
weeks.  Then,  ^o  were  land-dwellers  and  the  towns  wore  small ;  now 
the  great  bulk  of  us  are  city-dwellerSj  most  of  whom  know  nothing 
of  the  land,  and,  as  it  does  not  concern  their  purarts  or  their  plenty, 
are  absolutely  indifferent  to  its  welfare.     Then,  the  country  side  waft 
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oocupied  by  small  gentry,  yeomen  and  peasant-bolders,  till  of  \?liom  in 
the  inajority  of  districts  have  digap^iearcd,  to  be  replaced  bj  larga 
owners,  tenant  fajmere^  &ud  an  ever-iegeeniDg  number  of  agricultural 
Imbonrers  working  for  a  weekly  wage  witb  but  little  proapect  of 
faiiring  tbeiDBelvefl  in  tbe  world. 

Quite  reeeotly^ — by  which  1  mean  to  witliiu  the  last  forty  yeara 
and  later— tbottsaods  of  farailiea  of  eaeb  of  which  tbe  head  for  the 
time  t>eiDg  was  calked  "  Squire,"  lived  from  generation  to  generation 
upon  tbeir  own  properties  and,  even  where  the  eetatea  were  small — 
My  from  one  to  two  thousand  acres— in  most  cases  without  eitrui- 
eona  resources  maintained  a  certain  position  with  sufficiency,  and 
Ibl^lled  ite  duties  on  tbe  whole  to  tbeir  own  credit  and  to  the  ad  van* 
Uge  of  the  country.  Now  members  of  this  class  are  rare.  Bents  have 
&lien,  charges  have  iucreas^^d  ;  more  is  ezpect^ic^  of  tbe  minor  gentry, 
who  can  no  Jonger  live  in  the  old  simple  fasbion;  mortgages^  join- 
tures aud  portions,  oft6n  based  upon  a  too  liberal  estimate  of  the 
profl  active  powers  of  the  estate,  have  accumulated.  The  result  is  that 
ihesc  little  squires  have  vanished,  or,  where  they  still  remain,  support 
themselves  upon  outside  means.  I  can  recall  none  of  moderate 
«atate  who  still  eiist  upon  the  revenues  of  that  estate  alone^  except 
pethapB  a  few  in  Yorkshire  and  in  the  richest  parts  of  southern  and 
insstem  England,  whereas  even  those  who  own  large  properties  and 
Holliitig  else,  are  frequently  much  cripided. 

The  yeomen,  too,  who  once  formed  the  very  backbone  of  the 
•itioti,  have  gone.  In  the  prosperous  days  many  of  thom  were 
bought  out  at  tempting  prices  by  their  richer  neighbtjurs,  in  order 
that  their  parcels  of  land  might  be  absorbed  into  tlie  great  estates. 
In  the  evil  yetirs  that  folio w'ed,  which  began  about  1879,  the  majority 
of  ihoeo  who  remained  were  starved  out,  witb  the  result  that  the 
yeoman  farmer  Uving  on  and  out  <^f  his  own  acres  is  now  hard  to  find. 
I&  all  my  wanderings  through  England  I  mot  but  very  few  of  them* 

The  daas  of  agricultural  labourer b  is  in  much  the  same  caed» 
Thus,  as  is  pointed  out  in  tbe  final  report  of  the  Hoyol  Commission 
OQ  Agriculture  publisbt^d  in  1897,  the  populatinu  of  Great  Britain 
between  the  ytars  1871  and  1891  increasi^  by  nearly  seven  millions, 
whereas  tbe  agricultural  labourers  of  Great  Britain  during  the  same 
period  decreased  by  about  242,000*  1  have  not  at  hand  tb©  figures 
for  the  decade  between  1H91  and  190l»  and  am  not  certain  whether 
Ihey  are  as  ^et  fully  available,  but  if  I  may  trust  to  tbe  results  of 
mj  own  knowledge  and  observation,  I  believe  that  decreiise  to  have 
bean  progressi^^e.  I  reud  iti  fact,  that  in  England  and  Wales  their 
number  has  fiirthc^r  dwindled  by  about  160,000*  Also  I  think  that  I 
at! I  right  in  saying  that  tbif^  last  Census  shows  a  sh linkage  of  the 
popnlation  in  no  less  than  401  of  thu  rural  districts  of  England  and 
Wales.  When  it  is  remembered  that  in  18&1  about  77  per  cent,  of 
thisir  inbabitants  were  already  living  in  cities  or  their  suburbs,  as 
against  28  per  cent  living  in  the  country,  it  will  be  admitted  that 
this  fre«h  depletion  of  the  villageB  is  a  very  significant  fact,     A 
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leBseuing  of  th^  n  amber  df  agriculttiral  UbDiirers  uid  shepherdji  from 
1,25SJ86  in  1351  to  620,000  in  1901  (which  I  undorBtand  to  be  the 

figtirefi)  ca»  scarcely  be  ignored* 

Of  cioarBe  it  may  be  ODBwered  thtit  eveo  m  districts  that  are  porelj 
rural  In  character  and  include  no  toft-os  of  »«y  importance,  more  folk 
dwell  to-dftj  than  were  to  be  found  there  in  the  past.  Bat  to  thia 
the  rejoinder  is  that  such  niatterB  Khonld  sorely  be  jadgad  ppopor- 
tionately.  Also  I  inelino  to  the  belief  that  the  rural  population  of 
England ^saj  in  the  middle  ages  and  after  them — ^was  more  namer- 
OQs  than  IE  commonly  supposed. 

Any  obBervant  traveller  in  NorthamptonshiTe  and  other  midland 
eountioB  will  have  noticed  that  many  tens  of  thousands  of  acres 
which  are  now  under  graea,  have  at  some  time  in  our  past  his ttjry 
been  beneath  the  plough,  as  ia  shown  by  the  endless  high -ridged 
"  lands  "  or  **  stetchea*'  of  an  equal  widtb.  Now  even  to-day  with  otir 
improved  impleroente,  to  cultivate  so  much  arable  would  require  a 
far  larger  population  than  is  to  be  found  in  the  tiny  villages  of  the 
grass  counties.  What,  then,  must  it  have  required  when  plough b 
were  cumbersome  wooden  instrumented  dragged,  after  the  South 
Afi-ican  fashion,  by  a  team  of  six  or  mortj  oxen  which  would  probably 
need  a  leader  as  well  as  a  ploughman  ?  Of  course  we  have  no  sure 
means  of  knowing  at  what  period  this  great  extent  of  country  ceased 
to  produce  oorn  and  began  to  produce  grass.  That,  at  any  rate  in 
certain  instancee,  this  was  a  long  time  ago  I  bave»  bowevert  proved 
to  my  own  satisfactioUj  thns  : — 

It  oecnrrod  to  me  that  as  a  plough  cannot  be  dragged  through  the 
trunk  of  a  timber^  if  I  could  find  trees  growing  upon  the  exact  croirts 
of  continuous  and  undoubted  ploiigb-lands  now  under  grass,  it  would 
show  that  those  particular  '*  JanJs  '*  were  already  under  grass  when 
BQch  trees  seeded  themaelt^es^  or  were  planted.  Acting  upon  this 
thought  I  searched  diligently.  In  Oxfordshire  I  found  trees  of  about 
200  years  standing  in  the  required  position)  and  showing  therefore 
that  these  fields  where  they  grew,  were  grass  two  centuries  ago.  In 
Northampton  shire  I  found  trees  of  at  least  four  hundred  years 
similarly  Bituated,  showing  that  four  centuries  ago  that  land  was  grasa 
Finally  on  a  farm  about  ten  miles  from  York,  standing  in  a  posture 
upon  the  very  crest  of  a  distinct  and  undoubted  "  land/'  I  discovered 
an  ancient  pollard  ohk  that  in  my  judgment— and  I  havo  giveu 
some  attention  to  the  age  of  timber — must  have  sprung  from  the 
acorn  at  least  seven  centuries  ago,  showing  that  about  the  year  1200  thit 
particular  field  was  already  under  grass.  Of  that  oak  a  photograph, 
taken  at  the  time,  may  be^  found  in  the  second  volnme  of  my  work, 
*  Knral  England.' 

On  the  whole  I  incline  to  the  belief  that  it  was  after  the  Black 
Death  that  the  bulk  of  these  districts  went  down  naturally  to  grass, 
and  that  before  this  the  population  ttpon  them  was  comparatively 
dense.  It  is,  however,  possible,  since  the  shape  of  heaped-ap  earth 
varies  little,  even  in  the  course  of  many  centuries,  that  all  this  calti- 
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Tation  maj  bo  attributed  to  a  far  earlier  period,  perhaps  erea  to 
Bom  ail,  or  pre-Roman  days. 

To  oome  to  more  inoderD  iastances  of  a  populatiou  that  baa 
Tsnisbed,  I  will  quote  two  eiamples  wbicb  I  was  fortunato  enough 
to  be  able  to  discover.  The  first  of  these  was  demonstrated  by  a 
map  that  I  san-  of  the  parieh  of  Fecken!iam  in  Worcestershire,  which 
wan  executed  bj  the  order  of  Qnet^n  Elizal»eth  at  the  date  of  the 
Bieforeatation  in  1591— or  to  be  accurate,  I  saw  a  copy  of  thia  map 
made  by  one  John  Dobarto  in  1744.  According  to  this  chart,  in 
the  days  of  EHzabetb  BOOO  out  of  about  7000  acres  which  eompoia 
the  parish,  were  held  by  no  fewer  than  sixty-three  different  owners, 
To<day  nearly  the  entire  parish — namely  6000  acrea  of  it — is  held 
by  six  owners.  It  is  a  curious  ease  of  the  passing  away  of  the  land 
froiD  the  pciople  into  the  hands  of  a  single  class. 

In  the  pariah  of  Western  CoWile  in  Cambridgeabire  I  came  across 
an  eyen  more  reoiarkable  example.  Here  I  was  shown  a  large 
detailed  map  executed  in  1612  which  had  been  found  by  the  owner  of 
the  land  hidden  away  in  a  cottage.  This  map  tells  us  in  unjnistake- 
able  fashion  that  in  1612  about  2000  acres  of  the  area  of  Western 
ColvUe  were  held  by  some  three  hundred  different  ownera^ — say  an 
average  of  six  acres  to  an  owner «  Now  the  said  2000  acres,  over 
which  I  drove,  is,  I  think,  owned  by  one  person  and  occupied  by 
three,  and  the  tiny  strips  into  which  it  was  divided  are  merged  into 
fast,  lonely  fields. 

How,  eren  in  the  time  of  James  I.,  when  wants  were  few,  these 
thred  hand  red  owners  earned  a  living,  with  the  aid  of  but  little 
aia&ttre,  from  soil  so  light  that  in  places  it  is  almost  a  blowing  sand, 
if  a  mystery  that  I  do  not  pretend  to  solve.  I  suppose,  however, 
that  they  forced  the  land  to  bear  sufficient  corn  and  meat  for  their 
Bustenance  Eind  that  of  their  families,  and  sufficient  wool  for  their 
clothing.  It  must  not  be  supposed  that  I  suggest  that  these  small 
holders  of  the  past  always,  or  indeed  often,  lived  in  plenty  or  comfort 
My  belief,  on  the  contrary,  is  that  their  existence  must  always  have 
iasen  bard^  and  in  bod  seasons  their  lot  one  of  great  misery.  Still 
they  did  live,  and  in  considerable  numbers,  in  places  where  the  popu- 
lation is  sometimes  scant  enough  to-day. 

Now,  owing  to  many  causes  (among  which  may  bo  numbered  our 
B J  item  of  primogeniture,  the  working  of  the  Enclosures  Acts,  the 
introduction  of  Free  Trade,  which  has  made  agriculture  in  England 
when  practised  on  a  small,  and  indeed  on  a  large  scale,  a  somewhat 
donblfnJ  and  unprofitable  business),  they  have  for  the  most  part 
fftiUi^ed*  Nor  has  the  land  and  the  industry  of  its  cultivation 
proipered  of  late  years.  According  to  an  estimate  arrived  at  by  the 
fioyal  Commission  on  Agriculture,  the  value  of  that  land  in  the 
United  Kingdom  decreased  between  the  years  1875  and  1896  by  some 
834,000,0001,,  or  50  per  cenL,  although  since  then  it  may  again  have 
a  little.  Further,  I  think  that  it  produces  tfrJay  something  less 
half  tbe  wheat  that  it  produced  in  1860,  whilst,  though  the  grai# 
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ftr^k  has  largely  increased,  iba  head  of  stock  kept  ujioti  it  geems  to  be 
dimiiiishiag,  fiince  arable  will  carry  more  cat  lie  and  sbeep  than  does 
poBttire,  A  good  deal  of  the  jtoorer  soil  also  m  now  so  badly  tilled 
by  an  impoverished  race  of  farmers,  that  it  might  almost  aa  well  be 
out  of  ouUivatiou.  Lastly,  the  character  of  the  buBbaudry  through- 
out. England,  or  at  lenst  id  moet  of  the  tnreuty-eer^ii  couutles  in  which 
I  pOTBijed  my  inTeeligations,  bus,  I  bait  eve,  in  the  main  deteriorated. 
Of  course  I  speak  with  many  exceptions,  but  tenant  farmers  are  not 
what  they  were  thirty  years  iigo.  Iheir  capital  is  not  eo  large,  their 
energy  and  euterpme  ore  often  less  ;  notwithf^tanding  Lhe  great  fall 
in  rcntSj  their  prosperity  ou  the  whole  has  dwindled.  Farms  still 
let,  at  a  price — indet^d,  the  market  for  them  is  rather  better  than  it 
has  beeu,  for  to  the  man  with  a  tittle  capital,  inherited,  acqaired  by 
marriage,  or  eTen  borrowed,  the  independent  life  of  a  farmer  otters 
many  a«l vantages.  But  few  of  thL*m  make  more  than  a  living,  which, 
after  all,  is  as  much  as  most  people  can  expect  now-a-days;  and 
some — often,  it  is  true,  through  their  own  fault — do  less  than  that* 
Btill  the  tenant  of  laud  has  not  been  so  hard  hit  as  the  owner  of 
the  Itind,  who  ia  oppressed  by  tithe,  taxes  and  death  dtities,  all  of 
which  he  must  meet  out  of  au  euoruiously  lessened  income.  In 
some  counties  hig  acres  nre  now  freqnently  let  for  not  more 
than  a  fair  interest  on  the  capital  value  of  the  improTemeuts 
effected  on  them  by  himself  or  his  predecessors,  that  is  to  say^  the 
land  itself  is  thrown  in  for  nothing — which  I  take  it,  is  something 
emaller  than  that  prairie-Talue  whereof  we  beEU-  bo  much.  And  aU 
this,  be  it  remembereLl,  has  come  nbont  in  a  country  full  of  the  finest 
njarkets  in  the  world,  that  clamours  for  produce  and  imjtort^  it  from 
abroad  to  the  value  of  tens  of  millions  of  pounds  annually ;  a  country 
moreover,  where  irrigation  is  not  needed,  and  of  which  the  soil,  u 
fairly  treated,  remains  of  unimpaired  tertility.  Could  any  develo{>' 
ment  of  events  be  more  bewildering,  more  inexplicable  ?  Yet  such 
are  the  facts  as  I  have  found  them,  and  if  1  do  not  knou  nearly  as 
much  about  these  matters  as  any  other  single  man  in  England,  it  is 
my  own  fault. 

What  is  the  reason  of  this  strango  ^tate  of  afifuirs  to  which  titers 
seems  to  be  no  obvious  and  sufficient  miswer  ?  Is  it  national  seailitj? 
Is  it  that  agricultural  prosperity  is  a  prerogative  of  young  peoples? 
China,  Egj^pt,  and  Ui  some  extent,  India,  seem  to  contradict  such  i 
theory,  but  the  East  has  always  been  different  froiu  the  West  Of 
course,  ninety-nine  British  farmers  out  of  a  hundred  would  shoul 
"  Free  ')  rade  "  with  a  single  voice,  and  doubtless  this  is  a  product  of 
liigh  civilisation  which  is  always  at  war  with  a  primitive  art  such  afi 
agriculture.  But  I  think  that  we  must  loc^k  further  afield,  since 
even  from  other  Europeiiu  couu tries  whore  protection  is  stiU  in  force 
agricultural  prosperity  seems  to  be  slipping  away. 

For  instance,  has  not  our  system  of  large  e&tates  eometbiixg  to  do 
with  the  matter,  our  routtd  and  almost  ineradicable  notion  that  the 
holding  of  land  is  mainly  a  right  of  the  rich,  to  be  used  by  them  for 
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the  porpoaea  of  pleasure  and  not  of  profit,  for  the  stiooting  of  pheagoDtg, 
the  huntiiig  of  fox&s,  &nd  wi  sites  for  *'  the  stately  homes  of  Knglaud," 
fttid  so  forth  ? 

Woiil*i  not  matters  be  improved  if  more  iudividuale  held  leae  land 
and  worked  it  tbenist^lves  to  enrn  a  livitig  out  of  it,  thus  getting  rid 
of  one  of  the  throe  promts  that  it  has  to  bear  ?  If,  in  short,  instead 
of  supporting  their  aorea  by  extraneous  meaagj  owaerfi  were  forced*  as 
in  the  poet  history  of  England,  to  make  those  acres  support  them  ? 

This  is  not  at  all  the  feudal  iiJea  that  still  hm  so  Hrm  a  hold 

opou   oar  national  life,  which  £nds   perfect  expression   ia  such   a 

doeatDent  as  the  will  of  that  great  man,  the  late  Mr.  Cecil  Bhoile^ 

who  therein  delined  "  conntry   landlords'^  as  a  claas  **  who  devote 

their  eflbrtfl  to  the  maintenance  of  those  on  their  own  property,"  I 

suppose  out  of  means  acquired  otherwise  than  from  their  own  property 

in  English  land. 

OugM  they  not  rather  to  devote  their  efforts  to  enabling  those  on 

their  estates  to  suppiirt  themBelTes  without  the  aid  of  any  eitraueous 

or  artihcial  assistance  V     In  fact^  is  not  all  thi^S  lingering  feudalistn-^ 

Imilt,  ae  it  miisl;  be  in  our  conditions,  upon  a  falsa  basis,  and  often 

maiotainod,  where  tt  still  exists,  with  money  drawn  from  trade,  or  the 

Stock  Exchange,  or  American  heiresses,  or  Afrioan  mines — a  grare 

^jnstakeV 

^B  The  question  is  large,  and,  I  admit,  diSoult  to  answer,  yet  it  may 
^B^^  any  rate  to  some  extent — be  dealt  with  by  contrast.  When  I 
^Mas  engaged  upon  my  researches,  1  viefted  Jersey  and  Guernsey, 
^■^lacses  with  some  agricultural  advantages,  though  these  are  by  no 
means  so  pronounced  as  is  perhaps  generally  imagined. 

Now  in  the  Channel  Islands  the  land  system  is  totally  dlierent 
from  our  owD. 

Thus:  Eeal  property,  ou  the  death  of  the  head  of  a  family^  must 
be  divided  amoQ<|  all  the  children  in  certain  proportions,  the  eldest 
son  by  virtue  of  his  prior  birth  having  only  an  extra  right  to  th« 
principal  house  and  some  twenty  perches  of  land.  Oousequently 
there  are  a  multitude  of  small  freeholders,  the  average  holding  in 
Oaemeey  amounting  to  about  one  acre  only,  and  in  Jersey  to  fifteen 
or  twenty,  many  there  being  under  ten  and  few  over  fifty.  If  we  ore  to 
beiiove  half  of  what  ia  preached  to  us  as  to  the  disadvantages  ot'  such 
holdinge,  this  sbite  ot  aifairii  should  mean  misery  to  all  concerned. 

And  yet  what  are  the  faclH,  unless  they  haye  changed  since  1901  ? 
In  6uerns«iyt  land  to  be  used  for  agricultural  purposes  fetches  as 
nooh  UM  500/.  aii  acre,  aud  lets  at  frotn  if.  to  9^.  the  acre.  In  Jersey 
I  fftw  a  little  farm  of  about  twenty-three  acres  which  had  been  sold 
Dfjt  hmg  before^  also  for  agricultural  purposes*  for  57G0L  Compare 
thin  stttte  of  affairs  with  that  which  prevails — or  prevailed  at  that 
date— in  Wiltshire,  where  land  sells  often  enough  for  6f.  the  acre, 
I  and  lets  at  from  5«.  to  15«.  the  acre»  Yet,  in  the  Channel  iBlands, 
[  the  people  are  as  a  whole,  extraordinarily  prosperous,  and  often 
ieoamalate  fortunes* 

Oao  this  be  B&id  to  be  the  case  in  Wiltshire  ? 
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Of  course  it  will  be  objected  that  th«  cdrcumfltanceB  of  these 
iekiidfl  are  exoeptional,  iuaBmoch  as  Gnernsej  chiefly  depends  upon 
glase,  and  Jersey  upon  early  potatoes.  But  Guernsey  was  prosperous 
before  there  was  a  greenhouse  in  the  idand,  and  I  believe  that  the 
same  may  be  said  of  Jersey  before  it  grew  a  potato.  Also,  to  say 
nothing  of  Fratice.  early  potatoes,  whidi  to  a  great  extent,  compete 
with  those  of  Jersey,  can  be  grown  in  Goruwall,  in  Cheshire  and  else- 
where :  the  island  has  no  a] solute  monopoly  in  that  business. 

As  for  glass,  the  whole  of  the  south  of  England  might  be  covered 
with  it,  in  competition  with  GuernBey,  OTer  which  it  has,  indeed^ 
enormous  advantages  in  the  shape  of  cheaper  coal  for  the  greenhouBe 
boilers,  and  freedom  from  eea-carriage.  Yet  it  is  in  Gaemsey  that 
most  money  is  made  from  tliese  houses  ;  in  Guernsey  that  folk  can 
begin  as  liibourcrs  nnd  end  in  the  possession  of  fortunes — no  itifF»> 
quent  occurrence  there,  as  I  was  asanred. 

We  do  not  often  hear  of  such  things  among  the  agricultural 
labourers  of  England.  Moreover,  if  this  good  fortune  is  exceptional, 
the  general  average  of  prosperity  is  extraordinarily  high  in  the 
Channel  Islands.  The  people  who,  according  to  theory,  should  be 
plunged  in  wretchedness  because  of  their  syRtem  of  iandnii vision, live 
in  great  comfort,  for  the  most  part  in  honsea  of  their  own  which  are 
a  pleasure  to  look  at.  Of  course,  they  work  hard — very  hard,  as  men 
do  vrho  work  fur  themselves  and  not  for  a  master.  Hut  then  they 
reap  the  reward  of  their  work  in  ownership,  increased  comfort  imd 
resources. 

Now  does  not  all  this  suggest  that  there  is  perhaps  something  to 
be  said  for  the  tenure  of  the  land  by  the  people  instead  of  by  a  very 
limited  class,  and  that  it  is  better  to  cultivate  one  acre  tliorouirhly, 
making  it  produce  as  much  as  it  poeaibly  caoj  than  to  treat  ten  or 
twenty  in  the  fashion  that  is  common  enough  in  England  ? 

Within  the  last  few  months,  among  many  of  the  leaders  of  thought 
in  this  country^  there  hfts  been  much  searching  of  spirit  on  the  matter 
of  our  food  supply  in  time  of  war,  wlitcb  is  now  seen  to  constitute  a 
national  peril  of  dio  gravest  sort.  Indeed,  I  myself  am  a  member  of 
a  Committee  or  Assuciatiou  which  has  persuaded  the  (iovemment  to 
inquire  into  the  whole  subject.  Various  remedies  have  been  proposed, 
of  which  two  of  the  chief  are  the  raising  of  the  Navy  at  whatever 
coBt  to  snch  a  degree  of  strength  that  it  could  keep  the  aeaa  open  to 
our  cM>rn  ehips  in  any  conceivable  war ;  and^  as  an  alternative  scheme, 
the  efitablishment  of  national  granaries  in  which  vast  quantities  of 
grain  could  be  stored,  as  Joseph  stored  it  in  Egypt,  and  the  knightly 
orders  stored  it  in  the  pits  thst  may  still  be  seen,  and  I  think  are 
still  used,  in  Malta — a  very  Rneient  and  primitive  expedient. 

Upon  the  question  of  these  remediea  I  do  not  propose  to  enter 
further  than  to  eay,  1  believe  that  no  navy  we  could  build  would 
effect  this  object,  for  the  simple  reason  that  ships  of  war  cannot 
control  the  schemes  and  combinations  of  foreign,  and  I  may  add  of 
home  speculatorf^  in  food-stu^.  The  corn  might  be  got  into  the 
country,  but  at  what  price  would  our  millions  be  able  to  purchase  it  ^ 
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Am  regains  the  storage  qnoatioti,  I  am  cott^inced  that  no  GoTemmeat 
voiiW  fftcse  its  expense  in  time  of  peftoe,  while  in  time  of  war  it  would 
be  too  I&te  for  them  to  do  ao.  Pharaob  and  Joseph  did  thie  on  the 
strength  of  &  <lream,  but  if  tbej  are  ever  visited  by  auch  viBiong, 
British  miniBtries  pay  no  attention  to  them.  Hather  do  they  wait 
until  the  facts  have  declared  tbemselTeB  in  a  fasbiun  unmistakable 
by  the  humblest  man  in  the  street,  and  then,  after  the  horse  hag  been 
ntalen,  with  much  public  pomp  and  flolemnity  pnxieed  to  look  the 
stable  door.  Therefore,  unless  there  are  other  easy  and  practicable 
idulions  with  which  J  am  unacquaintad,  it  would  seem  that  in  this 
matter  of  the  laek  of  food  reaervee,  we  must  remain  where  we  are  and 
tike  our  chance. 

My  reason  for  touching  on  the  sahject  at  aU  is  to  point  out, 
however,  that  the  easiest  and  most  practicable  solution  of  them  all  is 
never  even  alluded  to,  or  if  anybody  has  thought  of  it,  is  promptly  dis- 
nussed  as  unworthy  of  serioUB  consideration.  It  is — that  wa  should 
grow  the  food^  or  most  of  it»  ourselves. 

I  think  it  was  that  shrewd  observer,  Prince  Kropotkin,  who  de- 
monstrated that  if  the  soil  of  this  country  were  only  cultivated  as  it  is 
on  an  average  cultivated  in  Belgium,  we  conld  prodace  as  much  as 
0IIT  people  need  to  eat,  and  have  some  surplus  over*  Well,  I  believe 
^-and  perhaps  you  will  allow  the  opinion  some  weight  as  that  of  a 
person  who  has  long  and  earnestly  investigated  these  questions  con- 
nected with  the  laud,  and,  what  is  more  important  here,  the  land  itself 
— thai  Prince  Kropotkin  is  right,  at  any  rate  to  a  targe  degree,  and 
that  if  our  acres  were  cultivated  as  they  might  be  cultivated  by  the 
iid  of  sufficient  energy,  capital,  intelligence  and  labour,  the  produce 
from  them  of  all  foodstnifs  could  be  well-nigh  doubled. 

Allow  me  to  give  you  a  siDgle  example,  which  after  all  is  worth 
more  than  many  words  of  argument  I  am  myself  a  farmer,  and  I 
dare  say  toy  neigh  boars  would  tell  you  that  I  farm  as  well  as  my 
liailtff  will  allow  me  to  do,  which  means  that  to  mj  owe  fancy  I 
might  farm  a  great  deal  better.  Now  at  Ditch ingham  I  let  off  to  a 
imall  tenant  at  my  gate,  a  builder  by  trade^  n  four-acre  arable  field 
of  uo  better  quality  than  the  average  of  my  lan<l,  and  with  it  perhapa 
two  acres  of  old  pasture.  When  I  took  the  farm  in  hand  a  dozen  or 
more  years  ago,  tbi«  field,  like  the  rest,  was  left  in  very  poor  condi- 
tion by  the  outgoing  tenant.  Indeed,  I  remember  that  my  friend  the 
builder  showed  mo  a  gigantic  pile  of  dock  roots  many  yards  in  length 
by  three  or  four  feet  in  thiekueas  and  as  much  in  height,  which  he 
had  extracted  from  it  at  a  cost,  he  said,  of  about  I4i.,  and  was  salting 
down  to  use  as  manure* 

A  couple  of  years  ago  this  man  came  to  connult  me.  It  appeared 
that  he  had  sold  his  wheat  to  a  person  in  the  neighbouring  town  who 
had  promptly  gone  bankrupt  and  left  him  mourning  for  his  money, 
I  could  only  recommend  him  to  console  himself  with  appropriate  re- 
^Aistiatiii  upon  the  uncertainty  of  all  human  affairs,  especially  where 
ih»  reoQvery  of  debts  is  concerned,  and  then  asked  him  how  much 
Voi^XVIL    (No- 97.)  I 
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wbeat  lie  Imd  thr&abed  out  and  lianded  orer  to  his  customer  from  the 
tine  otie  •ere  tbat  he  bad  under  tbat  crop. 

To  mj  aartontfilimeDt  ha  replied^and  afterwards  I  satisfied  mjaelf 
of  the  tmtli  of  tbe  statement — nine  and  a  half  quarters !  Now  I 
consider  fire  qoaFters  of  wheat  to  tbe  acre  a  good  crop,  and  six  a 
large  one  (indeed  I  do  not  think  that  I  have  ever  grown  so  mneh); 
nixie  and  a  half  being  of  oouzse  pbenomenaL  Fnrsning  mf  inveeti^ 
gations,  I  discovered  that  from  a  eeciiDd  acre  of  his  field  be  had 
seeing  eight  quarters  of  oats — a  splendid  retmm ;  from  a  third  aere 
tinder  clover,  three  tons  of  hay^ nearly  doabk  what  I  average;  and 
from  the  fourth  acre  a  very  heavy  crop  of  roote — of  the  weight  of 
wbicb  be  bad  hept  no  e^act  record.  If  only  I  conld  show  mmilar 
return  a  from  the  fonr  hundred  acres  or  so  that  I  farm,  I  at  least 
should  have  no  cause  to  complain  of  agricultural  depression,  even  in 
theae  days  of  low  prices. 

How,  tbeu,  IS  tbe  mystery  to  be  explained  ?  Thus.  The  builder 
farms  his  four  acres  of  arable  much  bettor  tban  I  do  my  four  hundred. 
He  goes  in  for  no  oat-of-tbe-way  crops.  He  oses  no  artificial  mannre, 
only  that  i>rodiiced  by  his  few  horse s,  pigs,  fowls  and  yoneg  stock, 
with  the  addition  of  soot,  which  I  suppose  he  can  purchase  from  the 
sweep  at  ^d,  the  bushel ;  but  of  the&e  dreesings  he  does  use  plenty, 
more  in  pn^portion  than  I  do.  Further,  vt  hen  bnilding  is  Black  his 
two  sons  and  bis  trade  horses  are  continaaUy  at  work  upun  the  land, 
in  which  not  a  weed  ia  to  be  aeen.  Indeed  I  will  go  so  far  as  to  say 
that  if  all  Great  Britain  were  cultivated  as  that  small  man  caltivates 
his  four  acres  of  ploagh  and  bis  two  of  pasture,  the  question  of  food 
supply  io  time  of  war  would  no  lon|*er  sit  likd  a  nightmare  on  tbe 
national  breast.  For  there  it — or  a  great  deal  of  it^ — would  be  in  our 
granaries  and  stockyards,  or  growing  in  our  fields  and  pastures. 

But  how  is  it  cultivated  in  fact?  Let  any  one  who  understands 
the  question  take  a  drive  through  certain  counties  that  I  could  name 
to  yon  aud  judge  for  himself.  There  be  may  see  thonsands  and  tens 
of  thousands  of  acres  which  used  to  produce  four  or  five  quarters  of 
corn  to  the  acre,  gone  down  to  a  miserable  apology  for  pasture. 
Indeed  this  I&ytng  away  of  land  to  gr&ss,  which  does  not  produce  so 
much  meat  as  land  under  crop  even  if  the  piisture  he  good^  is  one  of 
the  great  features  of  our  modem  husbandry,  and,  although  I  am 
obliged  to  practise  it  myself,  I  tuay  add^  one  of  the  worst. 

The  result  is  that  our  outpnt  of  foodstufiis^  or  so  the  Agrioulttiral 
Ee turns  seem  to  show,  is  actually  diminishing*  It  has  been  calcu- 
lated that  to  produce  tbe  amount  of  food  that  we  import,  would 
re(]uire  the  cultivation  of  another  23,000,000  acres  yielding  our 
present  average  returns*  These  of  course  are  not  available.  But 
suppoBing  that  the  production  of  the  4 7, 8 UO, 000  acrea  now  noder 
cultivation  in  the  United  Kingdom  could  bo  Increased  by  nearly  one* 
half,  it  would  Boem  that  the  ^atne  result  would  be  attained — ^al though 
of  oouree  a  larger  area  than  at  present  would  have  to  be  devoted  to 
the  growth  of  wheat. 
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Taking  these  figures  m&  Approximately  Goirect,  I  aak  whetbef 
such  a  result  is  bejond  the  bound b  of  possibility  ?  In  my  opinion  the 
mswer  is,  No. 

We  are  confronted,  then,  as  I  hope  I  have  shown  to  yoar  content, 
by  two  great  national  neede.  The  need  of  incroasing  the  numbers 
of  OUT  mral  population,  and  the  need  of  iocreasiDg  the  productiTa 
powers  of  out  land — which  needs,  in  my  opinioD,  ore  more  or  lew 
d«pendent  for  thei?  satisfaction  npon  each  other. 

How  can  the  rural  popnlation  be  increased?  How  cTen  can  the 
exodne  from  the  countryside  be  stayed  ? 

To  deal  with  this  questioD,  we  must  begin  by  oonsidering  the 
GonditioDB — -Yaatly  improv^ed  of  late  years,  it  is  true — under  which 
Ibe  great  majority  of  actual  eartb-tillers  still  exist  in  England.  I 
will  state  them  as  briefly  as  I  can. 

Firstly,  they  Uto  upon  a  weekly  wage  which  must  be  earned  by 
ferj  hard  and  oontinuous  manual  labour,  iuTolTing  a  great  deal  of 
■Idll  which  can  only  he  acquired  by  years  of  experience.  Nothing 
if  more  common  than  the  idea  that  the  agricultural  labourer  is  a 
foolish,  thick-headed  person  (generically  known  as  *'  Hodge")  whose 
work  conJd  be  done  by  anybody.  Let  anybody  try  it.  I  bay©  used 
my  hands  in  my  time,  and  know  what  it  is  to  toil  at  some  heavy 
tnonotonons  labour  for  eight  or  ten  hours  at  a  stretch,  but  1  should  be 
Borry  to  attempt  the  daily  tasks  that  the  farm-hand  oarries  out  with  so 
much  skill,  such  as  ploughing,  hedge-laying,  draining,  stacking,  or 
eren  manure- turning— I  mention  but  a  few  of  them. 

In  reward  for  these,  our  labourer,  when  he  is  not  out  of  place,  or 
fick  which  fortunately  for  hiru  Is  seldom,  receives  a  wage  that,  iu- 
elading  bis  harvest  and  haysel,  varies  from  about  ISs*  a  week  in  the 
QUtem  counties,  to  IL  at  a  little  more  in  Yorkshire,  the  suuth  of 
England  and  the  districts  near  London.  Out  of  lhis»  unless  he  ia 
a  stfick  or  horseman,  who  have  their  houses  free,  he  must  pay  It.  6dL 
or  2t^  a  week  for  a  cottage,  tlie  contribution  to  his  sic^k-club,  and 
mpport  and  clothe  a  family,  often  large  and  thriTin^^  Obviously, 
therefore^  he  has  few  holidays,  since  holidays  mean  the  loss  of  the 
daily  half-crown,  without  which  his  accounts  will  not  balance.  In 
»bort^  bis  life  from  childhood  to  the  gravt;,  is  one  of  incessant,  un- 
tarying  exertioii,  carried  out  in  every  sort  of  weather,  with  little 
change  or  recresition,  and  involving  rising  soon  after  the  light  in 
tmmmer,  and  long  before  it  in  winter ;  coarsely  prepared  food,  clothing 
that  is  not  too  ample ;  and  perhaps  ao  old  age  spent  in  tho  poor-house ; 
to  wbich  must  be  added  all  the  other  anxieties  and  cares  that  are  the 
common  lot  of  humanity.  Unless  he  is  a  very  exceptional  man^  he  has 
in  most  districts  small  prospect  of  rising  in  the  world.  Where  ha 
btgan^  there  he  must  end,  after  a  lapse  of  half  a  century  or  so,  only 
perchance  a  little  lower  down.  Nobody  took  any  interest  in  hia 
birth,  and  nobody  will  take  any  interest  iu  his  funeral,  nor  outside 
of  the  parish  register  will  any  record  remain  of  his  existi^nce  upon 
this  truobled  sphere,  except  of  couree  in  the  ditches  that  he  has 
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dog  and  the  tmefi  that  he  h&s  planted — for  tL€  benefit  of  eomebodj 

For  Bome  fears  1  employed  npoD  my  farm  a  coHoas  old  fellow 
of  the  not  uncomitioti  oame  of  Smith.  The  other  flay  I  met  a  funeral 
and  inquired  whose  it  was^  to  be  informed  that  Smidi  was  inside  the 
csoffin.  I  bad  seen  him  working  away  a  few  days  before,  but  nobody 
had  taken  the  trouble  to  inform  mo  that  sine©  then  ho  had  fall<^n  sick 
and  died.  Apparently  it  was  not  thought  a  matter  worthy  of  notice, 
and  already  somebody  else  occupied  his  place  in  the  fields  that  he  hud 
trod  Ibr  sixty  years.     Thus  exit  Smith  au4  all  his  class. 

Their  lot  tjoands  siimewbat  depressing,  although  of  course  it  has 
alleviationB,  especially  that  of  the  heaUh  with  which  un  out-door  life 
endows  them.  Still  it  i^  not  to  be  wondered  at  if,  inciteil  thereto 
by  a  board-echool  education  imparted  to  them  by  town-bred  teacherBi 
they  strive  to  escaj>o  from  it  tn  a  town.  There  wages  are  higher  for 
the  young  and  strong.  There  are  music-halls,  proceeeioos  and  other 
glorious  things,  including  water- taps,  and  pavements  upon  which  the 
children  may  walk  dry  a  hod  to  achool,  and  there,  as  they  think,  they 
may  rise.  Of  course,  in  the  majority  of  instances,  they  are  disK 
appointed  ;  they  do  not  rise,  they  sink. 

Lei:  those  who  doubt  it  consult  Mr.  Bowntree^s  £tudy  upon  the 
urban  population  of  York^  which  ia  not  a  vf^ry  large  city.  Even  in 
the  case  of  the  fortunate  amongst  these  immigrants,  the  ex:tra  monef 
that  they  win  is  more  than  absorbed  in  the  extra  expenses  of  tbeir 
new  life,  while  the  cottage  that  they  inhabited  in  their  native  Tillage;, 
possibly  tumblod-down  enough^ for  the  lack  of  good  cottages  is  one 
of  the  great  causes  of  the  rural  exodus- — proves  to  he  a  paradise  when 
compared  to  the  one  or  two  rooms  in  a  London  court  for  which  they 
pay  three  times  the  rent. 

Th€«e  facts  are  generally  recognised  and  need  not  be  dwelt  on — 
or  at  least  I  have  no  space  to  dwell  on  them.  So  much  is  this  so^ 
that  before  I  read  you  this  paper  I  had  promised  to  consult  with 
the  Committee  of  the  Charity  Organisation  Society,  as  to  what  steps 
can  be  taken  to  transport  immigrants  from  the  land— or  their 
children— back  to  the  laud.  But  such  folk  look  at  the  beginning 
ftcd  not  at  the  end  of  things,  as  indeed  all  of  us  do  in  our  degree, 
leaving  the  future  to  Fate,  an  opportunity  of  which  Fate  generally 
avails  iteelf — to  their  disadvantage, 

80  for  various  reasons  they  go,  and  of  those  reasons,  the  chief  is, 
in  my  opinion,  a  lack  of  prospects  if  they  elect  to  stay  at  home. 

What  is  the  prospect  that  they  require  ? 

I  take  it  that  of  being  able  to  lift  themselves  up  in  life,  of  being 
able  to  farm  land  on  their  own  account,  upon  however  small  a  scale, 
and  of  ending  their  days  *'  living  upright,"  as  we  say  in  Norfolk, 
that  is,  living  on  their  owrj  means. 

Now  is  this  an  impossibility  for  the  agricultural  labonrer  ? 

At  present,  in  most  cases— yes  ;  hut  I  hold  that  it  should  not  be 
ao,  and  that  it  need  not  be  so.     The  maa  who  is  hard-working,  pro- 
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Tident  and  ambitionfl,  ought  to  be  able  to  mise  himself  in  the  world. 
Yon  may  ask  bow  it  is  poaeible  upon  his  scanty  wages  ?  I  answer 
that  where  opportunities  exist  it  is  done,  meaning  by  opportuuities  the 
chance  of  acquiring  small  holdings^  either  as  owners  or  as  tenants. 

I  will  give  yon  some  examples,  Epworth,  in  the  Isle  of  Axholmei 
hfts  fkn  area  of  5741  acres  heM  by  294  occupiers,  of  whom  235  hold 
under  20  ftcres  apiece,  115  holding  nnder  10,  and  80  aoder  2  acrea, 
AVhen  I  vifiited  the  place  in  1903  nine  of  the  largest  farmers  in  it, 
working  from  200  down  to  40  acres  res  fleetly  ely,  were  stated  tu  have 
risen  from  the  iKisitiQn  of  t»Tm  labonrer^  to  that  which  they  hold  at 
tiiat  date,  and  the  same  facts  obtain,  as  I  vvafi  informed,  amongst  very 
many  of  the  smaller  owners  and  occupierfi,  both  in  Epworth  itself 
and  in  the  neighbouring  villages. 

Most  of  Ihe^  men  did  not  coufine  themselTea  to  potato  growing, 
for  which  the  isle  is  famous,  hut  followed  a  course  of  general  farming, 
and  according  to  tnj  informants  raised  more  grain  per  acre  than  the 
large  farmers,  quite  an  equal  weight  of  beef,  roorc  pork  aod  vege- 
tables, but  l«as  mutton,  small  boldiugs  being  uoadapted  to  shet^p. 
It  was  also  said  that  their  little  properties  are  not  by  any  means  so 
beavily  mortgaged  as  is  commonly  enppoBed. 

Another  nest  of  small  holders  is  to  be  found  at  Downham  iu 
CatDbridgeshire.  These  for  the  moat  part  hohl  their  own  land  under 
1  eopybold  tenure,  of  which  the  fisee  payable  on  death  or  sale  press 
hf^viiy  upon  them  and  must  generally  be  met  by  raieiog  mooey  upun 
mortgage.  The  result  is  that  they  have  to  work  very  hard  to  eaiu 
a  living,  harder  indeed  than  the  ordinary  farm  eervatit.  Yet  the 
Results  of  my  personal  inquiries  were  that  none  of  them  would  have 
been  willing  to  exchange  their  lot  for  that  of  a  labourer ;  that  they 
did  live,  ancl  reared  largo  families ;  and  that  very  few  of  the  young 
men  migrated  to  the  towns^  as  most  of  them  hoped  in  due  course  to 
hold  land  of  their  own. 

To  take  a  third  instance^  which  is  particularly  interesting,  since 
here  the  land  is  not  remarkable  for  richness,  being  chiefly  a  thin 
black  earth  upon  the  chalk,  and  there  existed  no  hereditary  leaniug 
ki  wards  win  all  holdings.  In  1888  Sir  Robert  Edgcumbe  purchased 
the  Kew  Farm  of  343  acres  in  Martiostown,  Dorset.  This  he  aohi 
on  at)  ingtalment  system  extending  over  9  years,  in  lots  of  varying 
•ices  to  27  purchasers,  of  whom  24  have  in  his  own  words  "  made  a 
thorough  fiuoeess  of  their  holdings/^  which  average  about  11  aeree 
each.  Within  6  years  all  the  purchase  money  had  been  paid  off, 
with  the  exception  of  about  500 L  Also  14  of  the  purchasers  had  erected 
dwelt  in  ga  on  their  lots.  In  1888,  when  the  farm  was  bought,  the 
total  population  on  it  amoeuted  to  21  souls.  In  1902  there  were 
nearly  100,  and  it  was  still  iucreaaing.  In  1883  the  rateable  value 
was  2151-  In  1D02  it  was  346/.,  that  is  to  say,  60  per  cent,  more. 
Puring  the  satue  piiriod  the  rateable  value  of  the  entire  parish  in 
which  I  he  farm  lies  fell  26  per  cent. 

1  had  hoped  to  dwell  upon  the  results  of  Major  Poore's  experi- 
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menls  at  Winterslow  on  tb©  Wiltshire  border,  wbioli  are  even  more 
remarkaUle,  and  alao  on  other  instanceaj  among  them  to  those  districts 
ID  which  frait  is  growBj  hut  find  that  I  bave  no  time.  Still  those 
that  I  have  given  above  may  gnffice  for  my  argameut. 

It  amounts  to  this — that  where  small-holdiDgs  oilst  the  exodus 
Ifom  the  land  is  comparativelj  little  ^  that  labonr  is  more  |>lentiful| 
since  the  small-holders  are  j!:enerally  glad  to  worV  for  others  in  their 
spare  lime ;  tliat  there  are  more  children  ;  that  the  prnd notion  from 
the  land  ib  larger ;  and  that  an  altogether  better  and  more  hopeM 
tone  prevails  than  is  the  case  else wh ere « 

If  these  things  are  troe — and  I  believe  them  to  be  true — it  follows 
that  it  wonid  be  well  for  England  if  sniall-holdings  were  largely 
mnltiplied,  and  that  it  onghl  to  be  the  object  of  all  sound  stateemau- 
ihip  ki  multiply  them  accordingly. 

I  wish  to  make  it  clear,  however,  that  I  do  not  advocate  the 
cutting  up  of  the  whole  country  into  such  holdings,  England  is 
very  large^  and  in  it  there  is  room  for  every  kind  and  class  of  estate. 
But  I  do  advocate  the  employment  of  much  laud,  which  at  present 
produces  but  very  little  and  is  uaelesa  even  for  sporting  purposes,  iu 
this  fashion.  It  secujs  to  me  further  that  many  thousands  of  oar 
population  would  be  better  empbiyed  in  cultivating  that  land  and 
adding  to  the  national  wealth  by  the  production  of  foodstuffs,  than  in 
walking  the  streets  of  Loudon  and  other  great  cities  shaking  money 
boxes  in  the  faces  of  the  passors-by. 

I'he  problem  is  how  to  get  them  there.  Or,  if  that  be  not  possible, 
how  to  prevent  new  thousands  from  joining  their  melancholy  multi- 
tude—a problem,  I  may  add,  that  no  Government  seems  to  have 
thought  worthy  even  of  coneideration.  I  do  not  urge  the  artificial 
creotion  of  small-holdiugs,  which  in  my  opinion  would  be  boutid  to 
end  in  failure.  But  there  are  things  that  might  be  done  if  only  our 
rulers  could  be  persuaded  to  do  them. 

Thns^  Co-operative  Credit  Bauks  on  the  Raffeieen  sy&tem  which 
have  worked  such  wonders  on  the  Continent,  might  be  establiehed 
under  government  inspection  aud  control  without  the  risk  of  loss  to 
the  nation,  from  which  banks  intending  small-holderB  could  borronr 
upon  the  well-tested  and  approved  principles  of  mutual  guarantee. 
Loans  might  be  advanced  to  landowners  or  corporations  at  a  modemte 
rate  of  intereBt,  which  would  inolude  a  sinking  fund  by  which  they 
would  he  automatically  repaid  in  an  agreed  term  of  years,  to  enable 
such  Individuals  or  bodies  to  erect  the  cotti^es  and  buildings  neces- 
sary to  smaU-holdingB.  The  Housing  of  the  Working  Classes  Act 
of  1890  is,  I  may  remark,  practically  a  dead  letter  in  the  country 
districts,  chiefly  owing  to  the  high  minimum  rate  of  interest  chiirged 
by  the  Treasury. 

Co-operative  associations  might  be  fustered,  or  even  iuaugurated 
by  the  Board  of  Agriculture  to  facilitate  the  collection  and  disposal 
of  the  produce  of  am  all-holders  at  a  reasonable  but  remunerative  rata 
of  charge.     Let  those  who  doubt  the  advantages  of  co-operation  as 
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applied  to  agricultural  produots^  study  the  recoEt  Btorj  of  tha  moTe^ 
nusDi  ia  Don  mark,  Irelaod  and  elsewhere. 

Last,  bui  by  no  meaD»  least,  the  principle  of  the  Pflroels  Post 
might  be  extended  to  a  limit  eay  of  lOO  lbs.  weight,  bo  as  to  make  it 
easy  for  the  umall-holder  to  put  his  produce  daily  upon  the  great 
itkarketH  wfaet^  it  wotild  be  dealt  with  by  the  cooperative  associalioiiB 
aforesaid. 

If  these  humblo  ro medics,  to  deal  with  which  adequately  would 
require  a  separate  lecture,  were  adopted — as  they  could  be,  T  boUcT©, 
without  the  natioTi  losing  a  penny-piece  thereby — they  would,  I  am 
fxniTisoed^  result  during  the  next  generation  in  the  establish ment  of 
thousands  and  cTen  tens  of  thousands  of  happy  and  industrious  workers 
upon  the  land  who  now  come  to  compete  wtth  those  nf  the  oTer* 
crowded  cities,  and  in  keeping  millions  of  money  at  home  which  at 
present  are  paid  to  foreigners  for  produce  which  we  could  grow  as 
well  as  they  do.     And  remember— tbey  inTolve  no  form  of  protection  I 

I  venture  to  urge  tbem  upon  your  attention  and  upon  that  of  the 
pnbUc,  The  land  and  its  interests  receive  little  care  fram  Govern- 
ment because  thoee  intei^sts  are  divided  and  do  not  Hpeak  with  any 
certain  puHtieol  ^oice^  Yet  I  believe  that  now^  moro  than  ever  in  oar 
history,  are  they  vital  to  the  welfare  and  safety  of  the  nation. 

No  question  of  the  day  is  more  neglected  and  thrust  aside  than 
that  of  the  flocking  of  our  population  from  the  fields  to  the  oitieg, 
and  yet  none  ia  more  important.  It  means  that  the  character  of  the 
race  is  changing;  it  means  that  their  physique  is  deteriorating;  it 
means  that  fewer  men  of  the  best  class  are  available  for  purposes  of 
national  defence ;  it  means  the  crowding  together  of  vast  hordes  of 
piople,  who,  at  the  first  breath  of  panic  or  of  serious  trade  depression 
will  cease  to  be  able  to  earn  their  livelihood  and  will  have  tu  be  sup- 
ported and  control  fed.  In  short,  it  means  a  new  race  of  dty-bred 
Englishmen,  the  victims  to  various  diseases  which,  it  is  alleged,  kill 
them  out  within  three  generations.  We  know  what  country-brod 
Englishmen  have  done  in  the  past  and  the  height  to  which  they 
have  lifted  their  race  and  nation.  Can  as  much  be  expected  from 
their  deeoendants  if  they  are  to  be  herded  together  in  the  most  dismal 
and  airless  quarters  of  our  great  cities  '' 

I  have  treated  of  a  very  large  subject  most  inadequately— the  time 
at  my  disposal  would  enable  me  to  do  no  more.  Still  I  trust  that  I 
may  have  said  enough  to  convince  yuu  of  its  importance  to  our  country, 
and  to  persuade  some  of  you,  according  to  your  opportunities,  to  help 
me  in  my  struggle  to  call  attention  to  these  evils,  and  to  secure 
loeasures  of  relief  that  may  tend  to  palliate  if  not  to  obliterate  them*. 
I  do  not  wish  to  complain,  but  at  times  I  tind  this  somewhat  louesome 
task  too  heavy  for  mo,  and  grow  discouraged.  It  is,  thurofore,  the 
ibore  needful  that  those  who  have  greater  authority  and  ability  should 
take  it  np,  for  if  it  is  not  taken  up  and  carried  to  a  successful  issue,  I 
think  that  our  country  must  suffer  in  the  near  future^ 

The  land  should  be  in  more  hands  than  it  is  at  praaent.     It  should 
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produce  more.  It  shonld  support  many  more  homes  and  rear  many 
more  sturdy,  eTen-mindod,  children  to  caixy  the  traditions  of  oar  flag 
and  race  down  to  a  distant  fotnre — all  of  which  things  it  well  can 
do.  At  present  we  look  to  trade  to  maintain  our  wealth  and  great- 
ness, perhaps  wisely,  fint  to  rely  upon  this  alone  is  not  wise,  for  our 
trade,  or  part  of  it,  may  leave  ns.  By  all  means  cnltiyate  yonr  trade, 
but  do  not  neglect  to  cnltiTate  your  land. 

The  land  is  the  mother  of  men  and  women  of  that  sort  without 
whom  no  nation  can  remain  great,  and  when  all  is  said  and  done,  such 
men  and  women  are  more  than  any  money,  which  is  but  an  appanage. 

Whosoever  helps  this  work  forward  and  forces  our  Governments 
to  recognise  its  paramount  necessity,  will,  I  think,  play  the  part  of  a 
good  citisen,  and  however  humhle,  however  unacknowledged  may  he 
his  efforts,  deserve  well  of  this  great  and  ancient  country,  whose 
history  is  his  heritage,  and  whose  glory  it  is  his  duty  to  help  to  pass 
on  undimmed  to  the  hands  of  future  generations. 

[H.  R.  HL] 
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D.  H,  Soorr,  Esq,,  M.A.  PluD.  F,R.S. 

The  Origin  of  Seed-bearing  PlanU, 

WsKsr  LinneQSt  ^  17SS,  brought  out  his  famous  sexual  system  of 
tikflsificatiou,  which  for  so  long  dominated  sygtcmatic  botany,  23 
oai  of  his  24  classea  were  occupied  by  Flowering  plants,  and  one  only 
Wis  lefl  for  the  Flower  legs  plants  or  Cryptogam  ia.  As  the  name 
** Cryptogamia "  indicated,  a  tHck  veil  of  mystery  still  hung  OTer  the 
TCpfOdactiTe  processes  of  these  fluwerless  plants.  WbeD  this 
o warily  became  gradually  dissipated,  with  the  aid  of  improved 
microscopes,  hy  the  brilliant  researches  of  Hcdwig,  Mirhel,  Nageli, 
Pringsheim,  Coho,  T buret,  and  above  all,  Hofmeister,  and  the 
"  Cryptogamiaj"  to  quote  a  phmee  of  ProfeBsor  Sachs',  became  the 
true  "  Phanerogam ia/'  their  relative  importance  received  better 
Roognition.  In  a  recent  classification — that  of  ProfesBor  Warming 
— oat  of  23  classes,  no  less  than  18  are  assign ed  to  Cryptogams. 

In  spite  of  our  vastly  increased  knowledge  uf  the  Cryptogsmia^ 
the  Flowering  plants  are  still  in  the  majority  as  regards  species. 
Acoording  to  a  recent  census,  out  of  about  176,000  knuwn  species  of 
plaati,  about  100,000  or  four-sevenths  are  Fhanerogamic<  For  our 
mmat  purpose  we  may  speak  of  the  Flowering  plants  as  the  seed- 
oetring  plants  or  Bperxnupbyta,  for,  at  least  in  recent  vegetation,  the  two 
ehftmcteni,  the  grouping  of  the  reproclucfciv©  leaves  in  a  tiower  and 
the  formation  of  a  seeil^go  t^igether  and  the  latter  is  the  more  definite 
And  fsotisiatit  feature,  lite  Cryptogams,  such  us  Ferns,  Alos^es, 
SMWOeds  and  Fuugi,  may  in  cootmdisti notion  be  spuken  of  as  the 
8poTe>l»fearing  plants  or  bfrnrophyta.  In  the  vegetation  then  of  tlie 
present  dAy,  the  seed-bearers  are  enortnuusly  predominant,  not  so 
much  in  number  of  species  as  in  importance,  iocludiiig  with  feu' 
Qicefjttons  all  plants  of  utility  to  man  and  almost  all  those  of  con- 
«piGfuoiifl  st&tture,  and  occupying  vastly  the  greater  part  of  the  earth's 
Ifttid  Kiufuse. 

To  what  do  the  now  dominant  seed -plants  owe  their  success  ? 

I        This  is  a  difficult  questioii,  for  all  organisms  are  well  adapted  or 

th«y  coald  not  exist,  and  nothing  reqitires  more  careful  discrimination 

thftD  the  attempt  to  determine  the  exact  factors  which  constitute  the 
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relative  Biiperioritj  of  one  group  over  another  in  the  etroggle  for 
life.     Everything  dependa  on  the  conditio tis  of  the  conteet* 

In  the  Bimpler  of  the  higher  Cryptogums,  such  m  oTdhmry  Ferns, 
the  spores  are  all  of  one  kind  and  on  gertnination  give  rise  to  an 
Lndependent  plantlet^  the  prothaUus,  on  which  the  eenul  orgfine  are 
borne.  FertHieation  requires  tbe  presence  of  water  for  the  activelj 
moviug  male  celle^  tbe  sperm atozoidB,  to  swim  in.  This  cotidition 
may  be  something  of  a  handicap  to  the  plant,  bat  if  water  is  present, 
reprodnctlon  is  fairlj  well  ensured.  In  the  niore  advanced  spore- 
plants,  such  as  the  Selaglucllas  so  commonly  grown  in  oar  green- 
houses, the  differentiation  of  tbe  sexes  begins  earlier,  for  the  spores 
tbemBelTes  are  of  two  kinds.  There  are  numerous  male  spores  of 
veiy  small  Biz,e  (microsporefi)  and  comparatively  few  female  spores  of 
relativelj  large  size  (megaspores).  In  the  group  of  the  Water-femB 
(Hydropterideas)  only  one  of  these  large  spore«  is  produced  in  each 
spore- sac,  which  then,  if  provided  with  a  special  envelope,  as  in 
Atotla^  may  closely  simulate  a  seed. 

In  the  microfiporesT  the  prothallus  is  scarcely  developed ;  the  spore 
has  practically  nothing  else  to  do  but  to  produce  the  epermatozoids* 
On  the  female  side,  provision  has  to  he  made  for  tbe  nutrition  of  the 
embryo,  and  here  there  is  a  comparatively  bulky  prothallus,  tbotigh 
as  eorapared  with  that  of  the  Ferns,  it  tendis  to  lose  the  charaeter  of 
an  independent  plant  and  to  become  a  mere  storehouse  of  food- 
materials.  There  are  certain  obvious  advantages  in  this  heterosiMiroiis 
condition.  Tbe  male  spores  are  kept  small  for  easy  disperwd  and 
can  be  produced  in  correspondingly  large  numbers.  The  protballial 
tissue  is  economised  aod  only  formed  where  it  is  wanted,  i.e,  in 
counection  with  the  egg-cells  from  which  the  embryos  arise. 

Tbe  differentiation  of  microspores  and  megaspores  is  in  fact  com- 
parable to  that  earlier  differentiation  of  miiiute  mobile  spermatozoids 
and  large  stationary  ovum,  which  took  place  far  back  in  the  history 
of  both  animals  and  plants,  and  laid  the  foundation  of  sex. 

At  the  same  time,  the  heterosporons  arrangement,  aa  we  find  it  in 
Cryptogame,  puts  a  new  obstacle  in  the  way  of  the  snocciififDl 
accumpliehmeut  of  the  act  of  fertilisation.  In  order  that  this  may 
happen  J  it  is  necessary  that  the  two  kinds  of  spores  should  geimiuate 
together  as  well  as  in  the  presence  of  an  adequate  water  supply.  Tlie 
necessary  assooiation  of  the  large  and  small  spores  is,  as  a  role,  left 
to  chance,  the  small  spores  being  produced  in  enormous  numbare,  so 
that  the  cbance  may  be  a  good  one. 

In  the  case  of  the  great  crypto  garni  c  trees  of  the  Falsdozoio  period, 
the  difficulty  must  have  been  a  serious  one.  We  know  that  their  large 
and  8mall  Bpores  often  differed  in  mass  in  the  proportion  of  at  leut 
100^000  to  1,  and  when  boilieB  of  6ucb  diverse  weights  were  scattered 
by  the  wind  from  the  tops  of  lofty  trees,  the  ehanoes  must  have  been 
enormously  against  their  coming  to  rest  at  the  same  B|>ot,  It  was 
perhaps  to  this  difficulty  that  the  series  of  adaptations  leading  up  to 
seed^-formation  owed  their  tirst  inception. 
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If  ilie  miorofipores  couM  be  brougbt  to  tbe  mega  spores  while  the 
l&tter  were  Btill  attached  to  the  parent  plant,  luneh  greater  oertibintj 
of  theiir  nnion  would  be  g&ined,  foi^  adaptatioiiB  would  now  become 
poesiblefor  catching  the  email  spores  and  retaining  theto  iu  pogition. 
Some  of  the  GFyptogams  now  li7ing  have  got  as  far  as  this ;  the 
work  of  an  American  lady^Mias  L^on,  has  shown  that  in  some  species 
of  SelagineUa  tbe  microsporefl  and  megasporea  meet  and  tbe  speriua- 
tf)2oid«  are  discharged  witbin  tbe  sporangium  ;  fertilisation  is  efifected, 
and  even  nu  embrjo  maj  develop  before  tbe  me^asporo  is  shed.  In 
this  lad  res|)ect  these  Selaginellag  go  beyond  the  Seed-plants  of  the 
Pul^a^oic  period,  a»  we  shall  jtresejitly  see* 

Tbe  first  advantage,  then,  to  be  secured,  was  the  occurrence  of 
fertilisatiQUt  or  rather  the  bringing  together  of  the  two  kindB  of  spore 
on  the  parent  plant.  This  in  one  of  the  constant  characteristics  of 
the  seed-bearing  plants ;  tbe  process  is  spoken  of  as  polHnation,  for 
what  we  call  the  pollen-grains  are  nothing  but  the  microspores  of  the 
Spttrmophyta. 

We  will  now  see  bow  the  process  actually  goes  on  in  some  of  the 
ilmpler  Seed- plants  of  the  present  day. 

The  Seed-plants,  as  is  well  known,  are  divided  into  two  great 
the  AngioBpenns,  in  which  the  seeds  ore  inclosed  in  a  seed- 
il ;  and  the  Gymnosperms,  in  which  they  are  exposed.  In  the 
former,  fertilisalion  is  effected  by  the  growth  of  the  pollen-tube 
through  the  tissaes  of  the  young  seed-Teaael ;  in  the  Gymnoeperms 
the  |K>]len  falls  directly  on  to  the  young  seed  or  ovule,  and  the  pollen- 
tube  has  only  a  short  way  to  grow  before  reaching  the  egg-cell. 

The  Angiosperms  (Monocotyledons  and  Dicotyledons)  include 
pTftctically  all  onr  familiar  Flowering  plants,  but  with  them  we  are 
not  concerned  this  evening.  The  question  of  tbe  origin  of  Angio^ 
Sfttima  is  one  of  the  great  unsolved  problems  of  Botany,  bat  it  ch^ea 
not  immediately  touch  our  present  subject  It  is  to  the  simpler 
Seed-plants — the  Gymnosperms— that  wo  must  turn  for  light  on  the 
origitt  of  the  Seed-plants  as  a  whole.  The  Gymnoiperms  are 
en^rtDiinsly  the  more  ancient  of  the  two  dasses,  extubding  back 
through  the  whole  of  the  Carboniferous  period  into  the  Devonian, 
while  the  Angiosperms,  so  far  as  we  know,  only  appeared  quite  late 
in  the  ^leeozoic  period. 

The  mo>t  familiar  of  the  Gymnosperms — the  Coniferffi  or  cone* 
bearing  trces^ — are  thcmB^lves  too  advanced  on  tbe  seod-bearing  line 
for  our  purpose  j  we  will  con ee titrate  our  attention  on  a  family, 
which  of  all  living  Flowering  plauts  stands  nearest  to  the  Cry  pte- 
rins, namely  the  Cycada.  This  group,  not  very  well  known  to  the 
mm-botiujiiit,  bat  of  which  a  splendid  collection  will  be  found  in  the 
Balm-hoaae  at  Kew,  hi  now  a  small  one,  including  9  genera  and  about 
TO  ripiH^ies  distributed  over  the  tropical  and  sub-tropical  regions  of 
holh  tho  old  and  new  worlds.  In  habit  these  plants,  which  may  rise 
tci  iho  stature  of  small  trees,  bear  some  superficial  resemblance  to 
I^altuft  ;  the  agreement  with  Ferns  is  however  much  more  striking. 
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In  the  genus  Stangeria  from  tropical  Africa,  the  le&Tea  bear  bo 
eloee  a  resemblance  to  tbuee  of  Bome  Feme  in  form  and  Teining,  tbat 
tlie  plant,  before  ite  fructification  was  kDonn,  was  described  by  coin- 
petent  botanists  aB  a  species  of  tbo  Fem  genus  Lomaria, 

In  all  Cycads  the  male  fnictifications  are  in  the  form  of  cones ; 
tbe  pollen-Boca  aj^  borne  in  great  nntDbers  on  tbe  under  enrface  of 
tbe  scales  of  the  cone.  In  all  the  genera  but  one,  tbe  female 
frnctificatioDS  are  also  cones,  each  scale  bearing  two  large  OTnles. 
In  the  t\  pe  genns  Ctfca*^  however,  there  is  no  specialised  female  cone 
at  all,  the  fertile  leaves  are  borne  in  rosettes  on  tbe  main  stem, 
alternating  with  sonea  of  the  ordinary  Tegetative  leaves. 

The  fertile  leaves  are  of  large  size  and  compound  form,  and 
nsaally  each  of  them  bears  several  ovules,  which,  whether  fertilised 
or  not,  grow  to  a  great  size,  sometimes  as  big  as  an  egg-plum.  Thej 
are  in  aome  species  of  a  bright  red  colour,  and,  contrasting  with  ihe 
yellow  woolJy  leaves  on  ivhich  they  are  borne,  are  conspienous  and 
beautiful  objects. 

In  thusb^fing  its  seeds  on  leaves  so  little  modified  and  springing 
like  the  ordinary  leaves  from  the  main  stem,  €^ea9  is  tbe  most  fern- 
like  genus  of  Flowering  plants 

Tbe  ovnle,  at  the  time  when  pollination  takes  place,  is  about  the 
B!2e  of  a  small  hazel  nut*  It  consists  of  an  outer  envelope  and  a 
central  body,  the  two  being  closely  joined  together,  except  towards 
the  top,  where  the  envelope  leaves  a  narrow  pas&oge  open,  leading 
down  to  the  central  body.  The  apc-i  of  the  latter  becomes  excavated 
into  a  hollow  pit,  the  polltn-chamber,  a  feature  almost  peculiar  to 
Cycads  amongst  living  plants,  dig  covered  by  our  countryman  Griffith 
as  long  ago  as  1864,*  though  the  credit  is  olten  wrongly  given  to  later 
French  or  German  investigators. 

The  pollen,  blown  by  the  wind  or  possibly  conveyed  by  insects, 
is  received  in  the  opening  of  the  envelope  by  a  drop  of  gumiuy 
snbstftnce,  and  as  this  evaporates,  the  pollen-grains  are  draivn  down 
thiough  the  Darrow  pas^aj-e  into  the  poll  on-chamber  below.  There 
each  grain  anchors  itself  by  sending  out  a  tube  iuto  the  neighbouring 
tifi«ne  of  the  ovule  ;  thus  pollination  is  acconipliBhed.  Fertilisation, 
i.e.  the  actual  union  of  tbe  male  and  female  eellt;,  takes  place  soma 
months  later,  when  the  ovule,  uow  to  all  eitema!  appearance  a  seed, 
has  reached  its  full  nze.  In  tbe  mean  time,  the  single  megagpore  or 
embryo-Bac,  imbedded  in  the  tisine  of  the  central  body  cf  the  seed, 
has  prown  to  enormous  dimensions,  filled  it&<df  with  prothallus  and 
developed  the  egg-cells  at  its  upper  end,  nhich  are  eo  large  tis  to  be 
easily  seen  with  the  naked  eye. 

Tbe  pollen -grain  behaves  like  a  cryptogam  ic  microspore  litid 
develops  two  large  spermatozoids  each  with  a  spiral  band  bearing 
numerons  eilia^the  organs  of  motion.      The  poUen-tube  become 
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distendod  with  water,  bursts  aad  sets  free  the  sluggisblj  mo¥mg 
fpermEtozoide,  which  by  aid  of  the  water  discharged  from  the  pollen^ 
tnbes,  are  able  to  swim  to  the  egg-cells  aud  e^ect  fertilisatioa. 

This  remarkable  process,  tirBt  dloeoTered  io.  1896  by  two  Japftuese 
botaniste,  Ikeno  and  Hirasej  and  iadepeadcDtly  in  1897  by  the 
American  Webber,  occurs  not  only  i a  the  Cycads  but  also  in  that 
stiungc  plaut  tbe  Maidenhair- tree,  QinkgOj  a  form  now  completely 
isolated  y  ocrtaiuly  rare  in  a  wild  state,  and  said  to  have  been  oiily 
gaved  from  extinction  by  cultivation  around  BufidhiBt  temples  in 
China  and  Japan,  but  which  has  a  long  geological  history. 

Tbe  Cycadeati  method  of  fertilisation  holds  exactly  the  middle 
place  between  the  purely  cryptogamio  process,  where  the  active  male 
oelli^  accomplish  the  whole  jounioy  to  the  egg  by  their  own  exertions^ 
and  tbe  method  typical  of  Seed -plants,  where  these  cells  are  little 
moTB  than  mere  passengers  carried  along  by  the  growth  of  the  pel  lea- 
tube. 

Tbe  adaptations,  which  in  the  Cycads  allow  of  poUiDation  and 
ferttlisation  on  the  plant,  are  chiefly  three. 

L  The  envelope  of  tbe  seed  with  its  narrow  opening  down  which 
the  pollen-grains  are  guided, 

2*  The  poUen-chamber  below,  in  whteh  they  are  received. 

3»  The  pollen-tube,  which  however  plays  a  somewhat  less  im- 
portant pLLit  here.'  than  in  the  higher  Floweriog  plants,  and  which  in 
ibe  P&l^ozoic  allies  of  the  Cycads  may  perhaps  have  been  dispeneed 
with  altogether. 

There  are,  however,  other  points  in  which  the  ovule  of  a  Oycad 
diifers  from  the  spore-sac  of  a  Oryptogam,  Not  only  is  tho 
megaspore  solitary — that  is  a  condition  already  reached  among  the 
Water-ferns— bnt  it  is  firmly  imbedded  in  the  surrounding  tifisue.  It 
19  BO  longer  a  mere  spore  de^tiued  to  bo  shed,  but  remains  throughout 
in  iDtflgml  part  of  the  ovulo^  while  the  ovule  ni>enB  iota  a  seed  and 
altimately  germinates^  Thus  the  whole  development  of  tbe  prothallua 
take§  place  within  tbe  seed,  and  this  requires  special  methixis  of  food- 
Bupply^  involving  a  complexity  of  structure  far  beyond  that  of  any 
cryptogamic  spore-Bao.  When  the  time  for  dispersal  comes  the  seed 
is  afaeil  as  a  whole. 

There  is,  however,  another  character  commonly  regarded  as 
iiitDtial  to  the  deEnition  of  a  seed :  a  seed  should  coutam  an  embryo ; 
thk  impliefl,  that  after  the  egg-cell  has  been  fertilised,  tbe  young 
pkai  develops  to  a  certain  extent  while  still  within  the  seed  and 
belbirie  it  is  shed.  In  the  ripe  seed  tbe  embryo  passes  into  a  resting 
itege  and  only  reaames  its  development  when  the  seed  begins  to 
garminate  and  the  embryo  becomes  a  seedling.  Usually  too,  the 
ripening  of  the  seed  itself  is  dependent  on  the  development  of  the 
embryo ;  if  there  is  no  fertilisation,  there  is  no  true  seed,  only  an 
abcn-tive  ovule. 

In  the  Cycads  this  is  not  the  case ;  tbe  ovule  ripens  into  a  full- 
tiscd  aud  apparently  normal  seed,  even  if  fertiliBation  has  failed.     In 
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OUT  hot-hoofies  Oyca^U  are  aeldom  fertilised ;  yet  the  isonspicuoiis 
Mirlet  •eeda  of  Oifcat  revoluia  or  the  crimeoB  seeds  of  EncephalartoM 
mi^  fifcmili&r  objects  to  m&ny  Kew  Tisilors*  Futthar,  tbe  degree  of 
deTelopmeDt  of  the  einbtyo  nt  the  time  the  seed  is  &hed  ib  very  ia- 
coDatftDt ;  Bometimee,  althoagh  fertilisfttioEt  bfts  tftkeu  place,  the 
etuhryo  it  ecurcely  to  lie  detected* 

The  definite  restiEg  stage  of  the  yonng  plant  in  the  dry  seed,  ao 
charaeteri^tie  of  the  higher  Phanerogams,  la  nnkuown  to  these 
primitif'e  seed-beareFs,  the  Cycads  and  the  Maidenhair-tree,  and  the 
same  appears  to  hold  good  for  the  aeeda  found  in  the  PalsBozoic  rocks. 
Stich  seeda  are  comiuon  in  certain  localities,  as  in  the  Coal  Measures 
of  Central  France,  and  to  a  less  degree  to  our  own  ooal-bcds.  Id 
petrified  epecimeue  the  fitmctiire  is  often  heaijtifally  preBcrved,  yet 
in  no  single  case  has  a  Pal»ozoic  seed  been  found  to  contain  an 
embryo.  It  is  not  morel j  a  matter  of  pregerration,  for  that  m  not 
nnfteqnentlj  so  good  that  the  delicate  egg-celU  can  still  be  reaognifled. 
Thus  there  is  no  "  seed  "  of  Pftlfl&OEoio  age,  which,  according  to 
enrrent  definitions,  atrictlj  deaerres  tho  name.  Technically,  the 
term  **  ovale  **  would  be  more  appropriate,  but  the  obvioufl  maturity 
of  the  integument  makes  tbe  word  *'  seed  "  seem  more  natural*  So 
far  the  case  is  parallel  to  that  of  our  reeeut  Cyoada  or  Maidenhair' 
tree* 

It  ie  of  oonree  poesible  that  any  day  we  may  light  on  some 
Palaeozoic  seed  with  an  embryo ;  it  may  be  that  the  apecimeuB 
hitherto  found  were  all  uDferlilised,  though  the  freqaent  presence  of 
polleu-graina  in  the  pollen-chamber  makes  this  explanation  niUikely. 
It  seems  not  improbable  that  the  development  of  an  embryo  in  tbe 
ripening  seed  was  a  later  device ;  tliat  in  the  older  seed-plants  tbe 
period  of  rest  came  immediately  after  fertilisation^  and  thnt  the 
growth  of  the  embryo,  when  once  started,  went  on  rapidly-  and  oos- 
tinuonsly  to  germination.  In  that  case  a  seed  with  a  reoognisable 
embryo  would  rarely  be  preserved* 

We  are  now  in  a  poBitioo  to  see  what  are  tbe  chief  advantages 
gained  by  a  plant  in  adopting  the  seed  habit,  they  are :- — 

1.  PolLiDation  on  the  parent  plant,  and  coDsequently  greater 
certainty  in  bringing  together  the  two  kinds  of  spore, 

%  Fertilisation  either  on  the  plant,  or  at  least  withiu  the  spore- 
jsac,  giving  greater  certainty  of  suceesa,  and  protection  at  a  criticsl 
moment. 

3*  protection  of  tOie  young  prothallus  from  external  dangers. 

4.  A  secure  water-supply  during  its  growth, 

6.  Similar  protective  and  nutritive  advantages  for  the  youog 
plant  developed  from  the  egg^cell.  This  last  end,  however,  ifia 
very  probably  not  yet  fully  attained  in  the  o^-lier  seed^beanog 
pi  ante. 

We  may  now  go  on  to  consider  our  main  subject  for  this  evenings 
—the  historical  question,  From  what  group  of  spore^bearing  plante 
were  the  Seed-plants  derived  ?,^!i3 
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One  tiling  is  plain :  tbo  stage  of  heteroeporj  was  the  imniediate 
^f^nrsor  of  Beed-formation,  and  it  was  from  some  group  of  Crypto- 
gams proiiucing  spores  of  two  kinds,  that  the  Seed-plants  spiaDg. 
Bnch  heterosporous  groupe  are  however  known  in  three  of  the  main 
phyla  of  the  higher  Cryptogams. 

In  the  Lycopod  series,  wo  have,  among  their  living  representatives, 
pronounced  hetorospory  in  Selfiginella  and  Isoetes ;  among  the  PtUffio- 
loic  Lycopodfl  it  was  commoner  still.  Within  the  claea  of  the  Fema 
we  have  the  hetero&porous  Water-ferns;  in  the  third  Beriee^  that  of 
the  Horsetails,  w©  have,  it  is  true,  only  homos  porous  forms  now  liying, 
hot  in  Falsozoio  times  a  vveU -marked  differentiation  of  micro-  and 
megaspores  was  attuiued^  though  less  extreme  than  in  the  other 
two  Hnes. 

So  far^  therefore,  there  is  no  reason  why  the  early  Seed-plants 
might  not  h&ve  had  family  relations  with  any  of  the  great  pterido- 
phytic  phyla,  and  as  a  matter  of  fact,  all  three  linei  have  been 
championed  by  one  botanist  or  another  as  the  probable  ancestors 
of  the  Seed -plants. 

The  Hursetail  stock,  though  it  attained  an  extraordinary  de- 
velopment, shows  no  further  sign  of  transition  towards  the  higher 
piintB* 

The  case  for  the  Lycopods  is  stronger,  and  indeed  they  were 
long  the  **  favotu-itea  "  and  were  commonly  regarded  as  lying  nearest 
tiae  tmo  line  of  spermophytic  descent.  This  idea  was  specially  based 
on  the  mode  of  development  of  the  spore- sacs^  which  has  much  in 
oommon  with  that  of  the  pollen -sacs  and  ovules  of  Phanerogams^  and 
ihis,  combined  with  the  occurrence  of  well-marked  heterospory  In 
■ome  genera,  appeared  to  point  to  a  relationship.  But  the  former 
character  (the  development  of  the  spore-sac  from  a  group  of  eells 
instead  of  from  a  single  one)  is  now  known  to  be  common  to  certain 
Fems^  and  to  jnst  those  Ferns  (the  Marattiaceso,  etc.)  which  prove  to 
he  the  most  ancient,  so  that  this  argument  has  lost  its  weight.  It 
his  lately  been  found,  indeed,  that  some  of  the  Carbouiferuus  Lyco- 
pods piodtioed  seed-like  organ ti,  presenting  the  most  striking  analogies 
with  troe  aeeds^  bat  the  plants  which  bore  them  were  in  all  other 
raspeots  Lycopods  pure  and  simple,  and  the  ease  appears  to  hare 
he^  one  of  homgplastic  modification.  There  is  no  indication,  as 
yet^  of  any  forms  really  transitional  between  the  Lycopods  and  the 
Spermophytap 

The  one  line,  which,  so  far,  has  yielded  truly  intermediate  types, 
lA  that  of  the  Ferns. 

Among  recent  plants  the  Gycads,  as  we  have  seen,  offer  some 
potnte  of  agreement  with  Ferns,  sufficient  to  have  led  certain  die- 
gui^hed  botanists,  for  example  Sachs  and  Warming,  to  stroni^ly 
maintain    their    Fern-ancestry.      The    chief  points   of  agreement 


ire:- 


L  The  Fern-like  foliage  in  some  Cycada,  and  in  many  the  mode 
of  folding  of  the  leaflets  in  the  bnd« 
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2.  The  arrangemeDt  of  the  pollen-fiacs  in  groaps  on  tlie  oader- 
fiide  of  the  cone-scales^  like  tliat  of  the  spore-saos  of  Ferua  oq  the 
uader-side  of  the  loav»8. 

3,  The  carpela  or  fertile  leaTes  of  C^caif,  which,  though  hear- 
ing true  &&edBy  are  more  like  fertile  Fem-fronda  than  any  other 
reprotlttctife  leaves. 

By  themselvoa  theee  cbaractera,  though  snggeetire,  would  he 
inooncluflive ;  the  anatomy  is  not  directly  cumparahle  with  th&t  of 
any  living  Fernft. 

What,  then,  do  we  know  of  the  history  of  this  family  in  past 
times  ?  The  Cyrauis  are  now  a  small  isolated  group ;  in  the  Meaozoic 
period,  from  the  Trias  to  the  Lower  Cretaceous,  they  were  one  of  the 
domiuant  types  of  vegetation,  and  spread  all  over  the  world.  Of  the 
fossil  flpecies  recorded  from  the  Oolite  of  the  Yorkshire  coast,  «aA 
from  the  Woalden  of  the  South  of  England,  oQe-third  are  referred  to 
Cycads,  and  they  were  equally  abundant  in  the  ^esozoic  Florae  of 
North  America,  India  and  other  countries.  If  they  existed  in  the 
same  proportion  now  a^  tJieo,  they  would  have  about  35iOOO  species 
insteaJ  of  70 1  The  Cycade  of  the  Mesozoic,  however,  ^vere  not,  as 
now,  a  Bingl©  family,  but  a  great  class  (the  Cycadopbyta  of  Nathoret) 
embracing  very  diverse  types,  often  with  organs  of  reproduction 
widely  different  from  those  of  their  surviving  relatives,  and  showing 
a  certain  parallelism  with  angiospermoua  fructifications.  Bat  with 
all  this  there  was  on  the  whole  a  remarkable  uuifonnity  in  habit, 
just  as  we  find  a  general  similarity  in  outward  oharaoters  amons;  so 
many  Dicotyledonous  trees  of  the  present  day  though  belonging  to  the 
most  diverse  fatnilies.  In  the  Meeozoic  rocks  we  also  find  a  certalu 
number  of  plants  (known  only  from  their  foliage)  a£  to  which  it 
remains  doubtful  whether  they  belonged  to  Oycads  or  Ferns^  or  to 
some  intermediate  group. 

Besides  the  Cycadopbyta,  seed-plants  were  represented  in  Meso- 
zoic  days  by  a  great  number  of  Conifersa,  more  or  less  allied  to  those 
still  living,  and  by  various  forms  akin  to  the  Maidenhair-tree, 
perhaps  the  most  ancient  type  surviving  in  the  recent  Flora. 

When  we  go  farther  back,  to  the  PalfieoEoic  rooks,  it  ia  only  in 
their  uppermost  strata  tLat  wo  £nd  forms  clearly  referable  to  Cycadj» 
or  Conifers* 

The  best  known  seed-bearing  plants  of  the  older  rocks  are  these 
of  the  family  Cordaiteve,  which  stretches  back  to  the  Devonian. 
They  were  til,  branched  trees,  bearing  great  simple  leaveSj  sometiuiBS 
fi  yard  long.  The  anatomy  of  stem  and  root  reserabloti  that  of  aa 
Araucarian  Oonifer,  hut  the  leaves  had  just  the  strnctnr©  of  the 
leafleta  of  a  Cycad.  Male  and  female  flowers  were  home  in  little 
spikes  or  catkins,  and  may  best  be  compared  with  those  of  the 
Maideu hair-tree.  The  seeds,  of  which  the  structure  is  known,  dosely 
resemble  those  of  that  plant,  or  of  recent  Cycads. 

The  Cordaiteffi,  however,  ancient  as  they  are,  were  already  pro- 
nounced gymnospermous  seed -plants;  by  themselvos  they  give  no 
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direi^t  elue  to  tho  origui  of  Bpermophj^ta ;  we  must  look  else  where 
for  ihe  key  to  our  miiiEi  problem. 

The  yftst  number  and  v^^ietj  of  Fern"  like  remains  through  out 
thi^  P&lteo£oic  Btmta,  wherever  Ian d*pl ants  are  known,  b  famili&r  to 
ill.  Almost  every  form  of  recent  Fern-frond  can  be  match ed  from 
the  iinpreasions  in  the  Carboniferons  and  Devonian  rocks.  A  con^ 
aderabla  otimber  of  tbeso  fofijsil  Fern-fronds  are  known  to  have 
really  belonged  to  Ferns,  for  typical  Fem-fnictifications  are  found 
npon  them. 

An  exporienoed  collector  of  Coal-MeaBiiro  plants,  Mr,  Hemingway, 
once  told  me  that  he  reekoued  on  finding  about  20  per  cant,  of  the 
specimens  of  a  true  fossil  Fern  in  the  fertile  state.  When,  therefore, 
a  common  fossil  Fem<^frond  (so-callefl)  m  never  found  fertile,  a  strong 
Buspicion  is  awakened  that  the  plant  must  have  had  some  kind  of 
fructification  other  than  that  of  an  ordinary  Fern.  This  is  the  case 
with  a  surprisingly  large  proportion  of  the  ralaeozoic  plants  commonly 
described  as  Ferns,  and  holds  good  of  certain  entire  **  genera  '* :  the 
importiknt  genera  Alethopterig,  NeuropteriSi  MartopleriSt  OaUiptertBy 
Taeniojiterw^  and  others,  have  never  yet  been  found,  in  any  of  their 
Bfiecies,  with  fertile  fronds,  if  wo  except  one  or  two  specLmene  so 
qoestionahle  and  obscure  that  no  conclusion  can  be  drawn  from 
UieDi.  It  is  probably  under  the  mark  to  say  that  one- third  of  the 
so-called  Ferns  of  Palaeozoic  age  afford  no  e video ee  from  fruetifica* 
tioa  that  they  were  really  Ferns,  as  we  now  define  them. 

The  absence  of  recognisable  fertile  fronds  may,  it  is  true,  be 
p&rtly  accounted  for  by  dimorplmm.  Many  Ferns,  both  recent  and 
hmal,  bear  their  reproductive  organs  on  modified  portions  of  the 
frond,  or  eT6n  on  special  fronds,  very  dific^reut  from  the  vegetative 
folJAgie^  Fofisil  remains  are  usually  fragmentary,  and  when  the 
ibonle  and  fertile  fi-onds  are  found  isolated  there  may  be  nothing  to 
•how  that  the  one  belonged  to  the  other.  But,  allowing  for  this, 
th«re  are  very  many  "  Fern-fronds  **  which  offer  no  evidence,  even 
from  ftsaociation,  of  any  Fern-like  fructification,  while  the  fructifica- 
tions actually  associated  with  them  are  often  anything  but  Fern-like. 
There  are  in  fact  a  number  of  unasBigucd  seeds  from  the  Coal 
Mdasujres,  some  of  wbich  are  coxmnouly  associated  with  certain  of 
thd  quasi-Fems  of  which  we  are  Bjieaking. 

On  the  whole,  however,  we  have,  up  to  this  point,  had  before  us 
merely  negative  evidooce*  indicating  that  many  of  the  leaves,  so 
familiar  to  pala3i> botanists,  classed  on  account  of  their  form  and 
reining  as  Foni-fronds,  may  really  have  belonged  to  some  group 
different  from  the  true  Ferns.  Negative  evidence  is  notoriously 
weak;  at  most  it  only  juetitios  us  in  taking  up  a  position  of  philo- 
sophic doubt,  though  in  this  case,  it  was  enough  to  induce  the 
disfctnguished  Austrian  palicobotanist  Btur  to  suspect  that  the  genera 
Ahik&piertB,  Neuropieris  and  others  were  no  Ferns,  but  Cycads. 

Ihirtng  tbe  last  thirty  years,  however,  positive  evidence  has  been 
aocnmnlaiing,  proving  that  certain  of  the  Fern-like  Palmosoie  plants 
ToL.  XTII,    (No.  97.)  2  a 
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w^re  fit  &Dy  rate  samethipg  distinct  from  true  Fems,  as  we  now 
know  them.  This  evidence  is  derived  from  a  study  of  the  anatomical 
structtire,  which  in  Cycadi  and  Ferns  as  they  now  exist,  is  aviffioiently 
different  to  prevent  any  possible  confusion  between  the  I  wo  groups. 
A  BiDgle  section  from  the  leaf*atalk  of  the  Fern-lika  Cycad  Skingeria 
would  be  enough  to  show  that  it  ia  a  true  Cycad  and  no  Fern,  and 
OouTcrsely,  a  single  section  from  the  frond  of  Lomaria^  with  which 
Siangeria  was  once  confused,  would  show  it  lo  be  a  true  Fern  and 
not  a  Cycud. 

A  common  Oonl' Measure  plani^  named  Ltfgin&dendroa  Oldhamtumy 
was  one  of  the  first  of  the  Falseozoic  qnasi -Ferns  to  be  e^Kamlned 
anatomicttlly  We  owe  this  work,  like  so  many  other  great  adrances 
in  fossil  bijtany,  to  the  late  Professttr  WilliamsoD,  who  thus  led 
the  way  to  the  solution  of  the  problem  which  occupies  us  this 
©Tening. 

Externally,  the  plant  is  wholly  Fern-like ;  its  characteristic 
highly  compound  foliage  is  that  of  a  Spkenopi^ri*  {S.  HdninjihaiLni) 
with  a  Da^alUa-like  habit.  The  large  fronds  were  borne,  at  intt"rral», 
on  a  fionit'what  slender  stem,  which  rooted  freely.  The  slender 
proportionB  and  the  presence  of  spines  everywhere,  on  leaf  and  stem, 
BuggeBt  that  the  plant  may  bare  been  a  scrambling  climber^  like 
Davallia  aculeaia^  for  example,  among  recent  Ferns. 

The  structure  of  all  the  vegetative  parts  of  the  plant-stem,  leaf 
and  root  is  now  known  as  perfectly,  perhaps,  as  in  any  plant  now 
living.  The  leaves  turn  out  to  be  true  *'  Fern-fronds  "  in  structure 
as  well  as  in  external  aspect.  The  vascular  bundle  traversing  the 
petiole,  for  example,  is  of  the  '*  concentdc  **  type  cbaracteristio  of 
Ferns,  and  any  differenoea  there  may  be  are  in  details  only. 

A  section  of  the  stem,  however,  bears  at  first  sight  no  resem- 
blance to  that  of  a  Fern  ;  outside  the  pith,  we  find  a  broad  zone  of 
wood  and  bast  with  its  cells  arranged  regularly  in  radial  series,  like 
that  of  an  ordinary  "exogenous'  tree,  and  in  detail  approaching 
especiaUy  the  Cycadean  structure.  At  the  border  of  the  pith  there 
are  distinct  strands  of  wood,  and  this  region,  which  was  laid  do^n 
before  the  radially  arranged  zone,  rcf^alls  the  structure  of  an  Oununda. 
The  bundles  in  the  cortex  of  the  stem,  on  their  way  out  to  the  leaves, 
have  in  this  part  of  their  coui-se  exactly  the  structure  of  the  strands 
in  the  leaf-stfilk  of  a  Cycad — a  structure  found,  in  this  form^  in  no 
other  living  plants. 

The  roots,  when  young,  resemble  those  of  certain  Perua  (Maratti* 
aceee),  but  as  they  grew  older  they  also  formed  secondary  wood 
and  bast  like  the  roots  of  Gymnosperras. 

Un  the  ground  of  this  remarkable  combination  of  structuiml 
characters,  it  was  inferred  that  L^ginodendr&n  could  not  have  bees 
a  true  Fern,  bnt  must  have  occupied  a  position  intermediate  between 
the  Ferns  and  tbe  Cycadean  Gymnosperms. 

A  similar  association  of  diverse  anatomical  characters  has  now 
been  proved  to  exist  in  various  other  ^luasi-Fems  of  Pale&ozoic  age. 
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In  Heterangmm^  for  exanipk,  a  gentiii  alao  inrefitigatQd  b^  WilliAm- 
"•on,  leases  and  roots  resemble  thoRe  of  tbe  preriouB  genus,  but  the 
stem  is  more  obnously  Fera-like,  agreeing  iq  its  earlier  stages  with 
tLat  of  a  Qleichenia^  but  acq^uiritig,  with  advauciug  age,  a  z^oue  of 
aeoondary  wood  and  bast  of  the  Cjcadeau  type.  This  plant  like- 
wise bore  foliage  of  the  Sphent^terit  form  (S*  degan»\ 

Ifi  MaduUoga^  on  the  other  hand,  to  which  the  Aleihopterti  and 
NeuroptetiS  foliage  belonged,  the  primary  gruund^plan  of  the  tis&uea 
in  the  stem  is  like  that  of  a  complex  Fern,  but  the  structiire  of 
leaves  and  roots,  and  the  secondary  structure  of  the  stem  itself,  is 
almost  puiely  Cycadean.  And  we  might  continue  ihe  It^t  much 
ftq-tber.  Wherever  one  of  these  quasi-Ferns  has  been  eiamined 
aaatQmically,  a  similar  combiatttion  of  characters  has  been  found. 
It  may  be  pointed  out  in  passing  that  while  many  of  these  inter- 
mediate forms  lead  on  towards  the  Cyoaduphytn  tbemBolveft,  others 
approach  more  nearly  to  the  extinct  family  Oordaiteee,  and  indicate 
that  thej  alsOf  though  so  different  from  Ferns  in  habit,  may  yet  hare 
sprang  from  the  same  i»tocki 

But  so  far  the  podtive  evidence  has  been  wholly  anatomical^  and 
botanists  are  not  yet  altogether  in  agreement  as  to  the  value  of 
anatomical  cbaractoTfi.  The  anatomist  very  naturally  thinks  that 
there  is  nothing  like  anatomy,  but  the  pare  systematist  will  not  be 
satined  with  out  the  characters  on  which  he  has  been  accustomed  to 
rely,  &od  bis  faith  in  which  has  been  so  amply  justified,  those  namolj 
drawn  from  the  reproductive  organs,  Earwin^  however,  who  neglected 
nothing,  was  fuUy  ulive  to  the  importance  of  anatomit:al  evidence ;  he 
ejtpresdbs  his  interest  in  an  anatomical  character  in  an  amusing  way 
in  one  of  his  latf.-ly  pnblishod  letters  (1861),  saying,  "The  destiny 
of  tbe  ^hole  human  race  is  as  nothing  compared  to  the  course  of 
vaneb  in  Orchids !  " 

Until  ibo  present  year,  we  had  no  satisfactory  knowledge  of  the 
fructification  in  any  one  of  the  Cycadofilicep,  as  we  now  call  them,  of 
Oie  Pulicoxoic  period.  There  is,  it  is  true,  some  reason  to  believe 
tliat  a  form  of  fructification  with  long  tufted  sporo-sacs  belonged  to 
L§^nodendron,  but  we  know  nothing  as  yet  as  to  the  details — it  may 
prove  to  represent  the  male  r6pro<Vactive  organs  of  tbe  plant.  Among 
tikb  unidtntified  seeds  of  the  Coal  Measures,  there  are  some— the  great 
neds  known  as  Trigonocarpon^^vfhich  are  not  only  associaled  with 
iUimlhiti,  but  which  ehow  a  certain  structural  resemblance  to  some 
of  its  tissues.  But  still  tbe  indications  were  slight^so  slight  that 
ProfieaflOf  Zeiller  of  Paris,  than  whom  there  is  no  higher  authority, 
Ins  recently  expreEsed  a  doubt  whether  these  Cycadofilices  were, 
ifler  all,  anything  more  than  a  peculiar  group  of  Ferns. 

Within  tbe  last  few  monthfi,  however,  an  altogether  new  light  has 
Mian  on  our  subject.  Among  the  seeds  discovered  by  Williamson 
la  the  Euglisb  Coal  Measures  were  three  species  which  he  placed  in. 
his  genus  Lagenoitojua,  These,  as  we  shall  see,  are  charaeteristic 
iaedi  of  complex   structure.     One  of  them,  named  L.  Lomasci  by 
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WiUmmsoti,  tbougli  not  described  by  Him,  hfts  lately  been  re- 
inTeitigfrted,  in  the  first  iiistoDce  by  my  friend  Profeggor  F.  W,  Oliver. 
Tlte  p^at  peculiarity  about  it  m  that  the  seed  itself  was  borne  in  a 
little  calyx-like  cnp,  fitting  loosely  round  it,  jnst  as  a  hazel-nut  is 
borne  in  its  huisk.  The  cnp,  or  cupule^  which  is  deeply  lobed,  bears 
Tery  peculiar  glandular  bodies,  QHualiy  with  a  short  thick  stalk  and 
a  ronnd  head,  which  is  empty,  as  if  the  secretory  tissue  had  broken 
down.  These  glands  oq  the  cupule  of  the  seed  have  been  found  to 
agree  exactly  in  dimonsionB,  form  and  structure  with  the  glands 
borne  on  the  leaves  ajid  stems  of  the  particular  form  of  Lyginodendron 
Otdhammm  with  which  the  seeds  are  associated. 

Suppose  that  in  some  tropical  forest  \vhere  the  trees  wore  too 
lofty  for  their  leaves  and  fruits  to  be  reached,  seeds  and  leaves  and 
twigs  were  found  scattered  together  on  the  ground,  and  that  they  all 
proved  to  bear  exactly  similar  glandular  ODtgrowths^  of  a  kind 
unknown  elsewhere.  Suppose  further  that  the  structure  of  the 
envelope  of  the  seed  turned  out  to  agree  in  other  respects  with  that 
of  the  vegetative  fragments^  should  we  hesitate  to  conclude  that  the 
seeds  belonged  to  the  same  plants  as  the  leaves  and  twigs,  though 
we  had  never  seen  them  actually  in  connect  i  on  ?  Such  is  ths 
argument  with  regard  to  the  relation  of  the  seed  LaffenoMioTtm  to  the 
plant  Lyginodendron.  Short  of  finding;  the  vegetative  and  repro- 
ductive organs  in  continuity  the  proof  is  as  strong  as  it  can  be,  and 
I  think. we  need  uot  hesitate  to  conclude  that  the  one  belonged  to 
the  other.* 

Bnt,  if  this  be  so,  the  q^uestion  as  to  the  nature  of  the  FalsBozoic 
Cycadofilices  is  settled,  at  least  &9  rega-rds  one  member  of  the  groap, 
LjfpTiodendron  was  already  a  seed-bearing  plant  The  seeds  are 
highly  organised  and,  broadly  speaking,  of  the  Cycadean  type.  The 
integumeut  and  central  body  of  the  s^sd  are  closely  joined  to  near 
the  tip,  and  along  the  line  of  junction  run  the  strands  which  cotiveyed 
the  water-supply.  The  upper  part  uf  the  integument  has  a  ctmoifl 
chftrabered  structure^the  central  body  terminates  in  a  Jarge  pollen- 
chamber  of  peculiar  bell -shaped  form,  in  which  the  polleu^grains  are 
sometimes  found.  The  neck  of  the  pollen-chamber  tits  into  the 
opening  of  the  io tegument  and  reaches  the  surface.  The  middle  of 
the  seed  is  occupied  by  the  largo  megasporo  or  ombryo-sac,  in  which 
remaitis  of  prothallial  ti&stie  can  sometime^  be  detected,  llie  seed, 
in  fact,  is  as  highly  differentiated  as  any  seed  of  its  period,  lacking 
only  an  embryo,  as  do  ail  its  contemporaries. 

But  if  LffginodendTon^  with  all  its  Fem-like  characters,  was  thus 
a  true  eeed-pbnt,  wo  cannot  doubt  that  other  quasi-Feme  of  that 
period,  exhibiting  a  similar  conibiiiation  of  characters,  had  also 
entered   the   ranks   of  the   Sperm ophyta,  and   we  may  confidently 


*  Oliver  and  @cL>tt,  on   Lagenotfoma  lofmasi^  the  Seed  of  iMcifiodettd^ofi, 
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expect  tliat  on&  bj  one,  mftny  of  the  as  yet  nnowned  Falieo2oic  fleeds 
wiU  be  traced  to  their  Fern-like  poafieesors- 

Farther  positire  indicatione  of  this  are  already  presenting  theni- 
flelvea.  For  example,  there  \s  a  specimen  in  the  British  Museum 
collection,  showing  a  cast  of  a  branched  rachis  accompanied  by  a 
m altitude  of  ribb^  seeds,  many  of  which  are  in  clear  connection 
with  the  rachis  itself*  At  one  place  we  see  a  leaflet  of  Sphenopteris 
tiftutili^a,  a  well-known  Coal-Mea«ure  **  Fern,"  and  everything  indi- 
eatea  that  we  have  here  the  tortile,  seed-bearing  rachis  of  that 
species.  There  are  other  specimeDS  which  point  in  the  same  direc- 
tion, and  now  that  the  eyes  of  colleetors  are  opened  to  the  possibility 
of  their  Bo-ealled  '^Fern-fronds"  bearing  seeds — an  idea  which 
before  seemod  too  improbable  to  be  entertained — more  of  auoh 
ipecimens  will  doubtless  Bnd  their  way  into  our  mueenms. 

The  present  position,  then,  of  onr  question  ia  this.  Some,  pro- 
bably many,  of  the  Fern-like  plants  of  Palaeozoio  age  bore  seedSf  of 
the  same  general  structure  as  those  of  the  Cycads  among  liTing 
Gynmcispeniifi*  The  plants  in  question  were  not  merely  F&rii4ike  ; 
their  aoatoniical  structure  proves  them  to  have  had  so  much  in 
eomtnt>n  with  true  Ferns  that  there  can  be  no  doubt  of  their  affinity 
with  them.  In  faot,  apart  £rom  the  newly  discovered  seeds,  these 
plants  for  the  most  part  show  a  balance  of  oharaoters  on  tbe  Fern 
dde. 

The  evidence  thus  points  unmistakeably  to  the  conclnsion  that  the 
Cycadophyta — the  most  primitive  of  the  Beed-plants — sprang  frotii 
the  Fern  stock.  Thus  the  origin  of  the  great  mass  of  Oycadean 
forms  which  overspread  the  world  during  Mesozoio  epoch  is  ac- 
connted  for :  they  were  doubtless  derived  from  the  more  primitive 
Cy  cad -ferns  of  the  preceding  Paleeozoic  age,  and  through  them  from 
tome  early  Filicinean  ancestry.  The  first  divergence  from  this 
«HgiEial  cryptogamie  stock  must  have  occurred  very  far  back ;  the 
nods  of  L^ginodendton  and  other  Oatboniferoua  seeds  referable  to 
^  CycadofilicG^,  are,  as  we  have  seen,  already  highly  organised, 
aad  the  stages  of  their  evolution  from  the  cryptogamie  sporangium 
are  still  to  be  discovered. 

The  origin  of  Seed-plants  from  the  Fern  phylum  will  probably 
prove  to  hold  g(»od  for  other  groups  besides  the  Cycadophjta,  The 
great  Paleozoic  family  Gordaitem  oombines  the  characters  of  Cycoda 
ind  Comifern,  and  at  the  same  time  shares  certain  of  those  anatomical 
fbatorei  which  first  betrayed  the  true  nature  of  the  Cjcadofilices. 
There  i«  thus  a  strong  presumption  that  the  Cycadophyta,  the 
Oordaiteie,  and  the  Coniferse  themselves  bad  a  common  origin,  or 
at  least  that  they  all  sprang,  directly  or  indirectly,  from  the  great 
pleiUB  of  modified  Ferns  which  played  so  large  a  part  in  PalGeozoie 
vegetation. 

Hence,  so  far  as  the  gymnoBpermons  Seed-plants  are  concerned, 
we  are  led  to  the  conclusion  that  they  were  derived,  at  a  very  early 
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period,  from  the  Fern  stock.  Tbe  following  up  of  the  clue,  which, 
as  I  believe,  we  have  now  grasped,  will  afford  a  pursuit  of  the 
utmost  interest  and  promise. 

But  the  other  great  problem — the  origin  of  the  angiospermona 
Seed-plants,  which  are  now  supreme  in  the  vegetable  world,  is  as  yet 
untouched.  And  so,  though  real  progress  has  been  made,  it  will  be 
long  before  we  can  hope  for  a  complete  answer  to  the  question  which 
we  have  had  before  ns  this  evening. 
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Treaaaror  and  Yice- President,  in  the  Cbiiir. 

J.  A.  H.  MuasAT,  Eb^..  M.A.  LL.D.  D.CX.  DJLitt  PLD. 
Diciimariei. 

Tec  enbject  on  wbicb  I  bare  been  nfiked  to  discoureG  this  eTenitig  |g 
IhAt  of  *•  Dictionaries,"  I  have  met  people  who  knew  nothing  about 
Dietionari&i ;  they  knew  only  that  there  was  a  book  called  **  The 
Dictionary/'  just  as  there  is  a  book  calltid  the  Bible,  another  oalled 
the  Prayer-hook,  another  the  Koran ;  when  they  saw  or  heard  a  word 
that  vraa  new  to  the m,  they  wondered  if  it  was  "  in  the  Diction oxy," 
JQflt  at  they  might  wonder  whether  a  particular  tttxt  was  in  the  Bible, 
or  a  particular  person's  name  in  Whif*a  Who,  Like  these  other  hooks, 
the  dictiDnary  might  bo  in  different  types  nr  in  different  ijinditiga,  but 
it  W!t«  still  an  individnalified  work— Tho  Dictionary.  That  there  are 
dictionariofi  ond  dictiouaries,  or  that,  sad  to  say,  dictionaries  difier, 
lad  not  yet  dawned  upon  their  apprehension.  But  of  late  years  the 
merits  and  excellencies  of  rival  tUctlotiaries  have  beon  thunder^ 
trpoD  US  by  daily  papers  from  The  Times  downward,  so  loudly  &Dd  so 
long*  that  the  number  of  these  ingenuous  petjple  must  be  greutly 
diminished.  At  auy  ruto,  jour  Institution,  in  ai^king  me  ti>  disooutBe 
upon  '*  Dictionaries,'*  has  recognised  at  once  their  plurality  and  their 
variety* 

The  singuliif  of  "  Dictionaries  "  is  a  Dictionary ;  what  is  a  dic- 
tionary ?  The  term  is  formed  from  the  Latin  diet  to,  a  wurd  originally 
meaning  Mtfing  or  speahing  ;  but  already  by  the  later  Latin  Gram- 
manans  used  in  the  scnee  of  t^erhitm  or  t?oi:ahulutn^  a  word,  whence  we 
bave  tlie  originally  synonyiuons  term  mcabahir^,  A  Divtiomary  then 
is  a  ref»ertory  of  dielume»  or  t&^ds.  The  Latiu  form,  Dicftonarium 
or  Dicltoviariutf,  does  not  occnr  in  ancient  Latin ;  so  far  as  I  know 
it  woa  funned,  or  at  lea«t  first  used,  in  1226»  by  an  Knglisbman, 
Johannes  de  Garlauda,  or  Johu  of  Garland,  as  the  title  of  a  collection 
flf  Lfttin  Tocabks,  arranged  according  tu  their  subjecte,  in  sentences, 
lot  dw  use  of  leoraers.  About  a  ceutury  later,  Peter  Berohorius^ 
who  died  at  Paris  in  1362,  mndo  a  Dictitjnarium  morale  utriwtque 
fi&litmenti,  or  Moral  Dictionary  of  the  Old  and  New  Tefit»«nent, 
eonsistttig  of  Moralisatiuns  on  the  principal  wordij  of  tha  Vulgate, 
for  the  use  of  students  in  theology.  The  first  to  use  '^  Dictionary  **  as 
an  English  word  in  itc»  modern  senso,  was  appan:ntly  Sir  Thomas 
Eljot  in  the  title  of  his  Latin-English  Dictionary  of  1538.      The 
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early  dictiouarif  e  iDdidged  in  divers  tiilei :  the  Prompt4?rium  or  store- 
room«  tbe  CaihoUcon  or  goo  oral  iD^nual,  the  Medulla  or  marrow 
of  tbe  lattguage^  the  Hortut  Vocuhulorvm  or  garden  of  wordp,  the 
Aheari^  OP  beehive,  the  Ahecedarium]  or  alphabetic  (ABC)  book, 
the  Tahk  Alphahetical,  tbe  Englith  Expo$itiv,  tbe  World  of  Wordi, 
the  GloBwgrapthiQ,  the  Qazt^phylacium  -  and  it  vvould  hare  beets  im- 
posaible  to  predict  m  the  siiteenth  century  that  the  name  Dictumur^ 
would  Bupplant  all  the  others,  and  even  rise  superior  to  the  bettei^ 
bom  word  Yocahulary^  Dtctionaries  and  vocabularies  were  not  all, 
at  Brat,  in  alphabetical  order ;  the  words  were  mure  often  arranged 
under  subject^headini^s,  so  as  to  bring  together  all  the  names  of 
tbinga  of  tbe  same  kiodf  e.g.  things  in  lieaven^  things  in  tbe  air, 
names  of  timej^  and  seasons,  names  of  beasts,  of  kindred  and  relation- 
flhip,  of  trades,  of  clothing,  of  things  in  the  garden,  of  church 
furniture,  <kc.  But  it  was  gradually  found  thut  for  purposes  of 
reference,  there  was  nothing  so  aimple  aa  the  alphabetical  order, 
although  it  brings  together  strange  he<lfellows,  and  as  the  old  lady 
is  saitl  to  have  remarked  of  the  quotations  iu  Johnson's  dictionary, 
though  interesting,  it  is  rather  disconnected.  Since  the  end  of  th6 
fiiiteenth  century,  therefore,  all  ordinary  dictionaries  of  European 
languages  bavo  been  in  ABC  order  i  and  this  has  so  takcrn  hold  of 
tbe  popular  mind  aa  to  be  considered  an  essential  feature  of  a 
dictionary,  with  the  curious  result  of  extending  the  name  DtcticnaTy 
to  any  book  which  gives  information  of  any  kind  in  ABC  order, 
although  it  doee  not  treat  of  dictiones  or  wordgt  but  of  things,  persons, 
places,  history,  or  braDches  of  ficieuce.  Thus  we  have  in  modem  use 
dictionaries  of  chronology,  of  geography,  of  music,  of  commerce,  of 
manufactureB,  of  London,  of  the  Thamea^  of  Chrietian  antiquities, 
of  national  biography.  In  the  etymological  and  historical  sense  of 
the  word,  these  are  not  dictionaries  at  all,  but  Ahecedartunw,  text- 
books or  refercDce^booke  on  tbeir  special  subject,  with  their  articlos 
arranged  in  alphabetical  order  ;  mot^em  usage,  however,  has  sanctioned 
this  application  of  dicii&nary^  aud  in  questions  of  nomenclatar©  usage 
has  to  be  accepted.  But  I  assume  that  in  asking  me  to  discourse  on 
**  Diutionaries/'  your  Institution  ei^pected  me  to  take  the  word  in  its 
strict  sense  of  "  books  explaining  tbe  meaning  of  wordsL^' 

Dictionaries  eipUining  words  are,  broadly,  of  two  kinds ;  those 
which  give  the  meaning  of  tbe  words  of  one  tongue  in  the  language 
of  another,  aa  an  English  Dictionary  of  Latin^  Greek,  or  French ;  and 
thoBe  which  deal  with  the  words  of  their  own  language,  setting  forth 
their  current  epelling,  pronunciation,  meaning  and  use,  and  sometinjes 
telling  more  or  lees  of  their  origin  aud  history. 

Of  these  iwo  kinds,  the  former  was  naturally  the  ©arlior ;  we  have 
bean  told  that  even  among  the  brick  tablets  of  ancient  Agsyxia.  there 
exist  remains  of  dictiouariefi  or  vocabularies  explaining  the  earlier 
8nmerian  or  Accadian  iu  the  later  language  of  the  country ;  we  know 
that  vocabularies  of  Greek  words  explained  in  Latin  appimred  not 
many  centuriey  after  the  Christian  Era.    But  on  these  ancient  essays  it 
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dictiooary-m&kitig  I  ha7e  no  time  to  dwell,  and  mast  confine  mjeelf 
to  the  bigtorf  of  Engliab  dictionaries  and  their  immediat©  antecedents, 
in  itself  a  long  story,  for  "  The  English  dictionary,  like  the  Ensilish 
oonstitution  ie  the  creation  of  no  one  man  and  no  one  age ;  it  is  a 
growth  that  hna  slowly  develope4i  itself  adown  the  agee.  Its  begiu- 
nings  lie  far  back  some  1200  years  ago,  in  times  almost  prehiHtorio, 
And  these  begitmings  themselres  were^  strange  to  say,  neither 
Englisli  nor  yet  dictionaries." 

All  my  present  audience  hare  been  at  school ;  probably  all  of 
them,  when  thore^  made  some  attempts  at  learning  some  foreign 
tongue.  Most  of  them  when  they  found  a  word  in  tiieir  translation 
bouk  difficult  to  remember,  have  ^rittt^n  tho  meaning  oyer  it  in  an 
nnobtrnrnve  form.  The  learned  name  for  such  an  interlinear  ex- 
planation of  the  teit  is  a  glom.  The  early  tnooks  were  addicted  to 
writing  glosses  over  difficult  words  in  their  Latin  books.  These 
glosses  were  sometimes  in  easier  Latin ;  sometimes  in  their  own 
Teruacular.  Sometimes  bnoksj  eHi>eoially  soriptnral  and  service  books, 
were  glossed  so  completely  as  to  iia^e  a  sort  of  interlinear  translation  ; 
tt  other  times  only  individual  bard  words  at  long  distances  were 
glossed.  AitervVQ>rd8,  coUectioiis  of  these  glossed  words,  with  their 
gloflses,  were  made  ;  these  were  glossaries.  The  earliest  gloeaanes 
ooQtaitied  the  words  jnst  as  they  were  found  and  copied  down  ;  later 
ones  were  re-ar ranged  more  nr  less  alph»betic«lly.  One  of  the 
oldest  extant  is  the  Epinal  Gloe$ary  of  the  soventh  century ;  it  has  in 
the  page  three  columns  of  glossed  words  followed  by  their  glosses, 
mustly  Latin,  but  a  small  proportion  KngHsh.  Li  later  glossaries,  the 
English  explanations  more  and  more  predominated,  till  by  the  tenth 
century  these  formed  one  of  the  important  foundations  of  Latin^ 
English  lexicography.  The  other  source  was  the  formation,  even  in 
Anglo> Saxon  times,  of  short  vocabularies  **{  Latin  words  with  their 
English  meanings,  arranged  in  subject-classes,  for  the  use  of  young 
icholars.  These,  in  course  of  time,  were  added  to  or  incorptfratea 
with  the  glossaries,  so  that  combined  they  formed,  by  the  eleventh 
century,  more  or  less  extensive  Latin-Englisb  Dictiouaries. 

Then  the  Norman  Conquest  overthrew  Eni^diait  learning  and  lite- 
imry  culture,  and  for  more  than  300  years  English  lexicography  stood 
iliJI.  But  from  the  end  of  the  fourteenth  eeutnry  English  was  again 
in  the  ascendant,  and  many  Lntin- English  Vocabulariea  were  com- 
piled, some  alphabetical,  but  mostly  arranged  under  subjeot^headinga. 
The  tifteeath  century  made  a  groBt  gtup  forward  by  the  production 
tbaut  1440  of  the  earliest  English- Latin  Vocabulary,  the  Pramp* 
toriuTii  Panmlorum  of  Brother  Geoffrey  of  King*s  Lynn,  followed  by 
the  CathoUcon  Anglicum  c.  1483.  With  the  Kenascenco  of  Ancient 
Learning  sueb  work  rapidly  increased*  Sir  Thomas  Elyot  published 
I  lis  Latin- Euglinh  Dictionary  in  1538.  Enlarged  and  re-editotl  by 
iThomaA  Cooper,  afterwards  Bishop  of  Winchester,  this  became  at 
Cooper**  Thtsisunui.  J,  Withnll  published  in  1664  A  Mhort 
lar^  for   young  beginmrs,  arranged   in   suUject-classesi.      The 
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mofit  interedting  of  tbaee  works  was  Baret'a  Ahearia  of  16T3^  the 

preface  of  which  ralftte^  in  suet  naive  language  the  eirconiBUQces  in 
wKicli  it  originated,  Emd  tbe  difficiilties  its  compiler  had  to  eiicouQter, 

Of  all  these  works  Latin  was  an  eBsential  part;  but  Latin  wm 
now  beconaing  insufficient  to  express  the  wants  of  tlie  moderu  worlds 
aad  in  1530  Majster  John  Palsgrave,  a  Londoiier,  who  had  studied 
in  Paris,  compowbd  bis  Eiiclairci»9emen(  de  la  Langue  Fran^^fitfae — 
Grammar  and  Dictionary  cooibined — for  the  Princess  "Mury  Tudor, 
when  fihe  was  married  to  Lonis  XIL  of  France.  Then  followed  a 
Dictionary  of  English  and  Welah  in  1 5i7,  the  famoui;  I talian-^ English 
World  of  Word^  of  Florio  in  1698,  PertsivaFa  Spanish -English  Die* 
tionaiy  in  1599,  and  the  no  less  renowned  French- English  Dictionaiy 
of  Bandall  Cotgrave  in  1611, 

Thus  by  tho  close  of  the  sixteeutb  century  English  was  supplied 
with  dictionaries  of  the  important  neighbouring  languages,  but  it 
had  not  yet  been  found  necessary  to  have  a  dictionary  to  teach  men 
ilieir  owd  English  tongue.  And  when  the  want  waa  felt,  it  was 
natural  tbut  only  the  difficult  words,  the  '*  ink-horo  terras"  wcw 
contemplated.  All  the  dictionaries  of  the  seventeenth  ceiitury  were 
only  in  purpose  *'  Dictionaries  of  Hard  Words."  The  first  wa'^  the 
Table  Alphaheticcl  of  Robert  Cawdrey  1604;  the  second  the  EngUfh 
EaqHfmtor  of  John  BulloVar  1616;  then  came  the  first  book  calling 
itself  The  Engliak  DicHonarie  —  by  Henry  Cockeram  of  Exeter,  in 
1623,  This  was  divided  into  three  parts:  1,  the  hard  words  explained 
by  easier  words ;  2,  the  easy  worda,  rendered  by  hard  words,  so  as 
to  enable  the  writer  to  acquire  a  learned  style;  3,  a  claseifiod  list  of 
the  names  of  Histury,  Mythology,  Natural  History,  etc^  to  which 
allusions  occurred  in  learned  writings;  here  appears  the  celebrated 
account  of  the  Crocodile ^  explaining  tho  meaning  of  the  j»brase 
**  crocodile's  tears,"  i.e.  those  wept  by  tho  crocodile  over  the  head  of 
the  man  whoso  body  it  has  devoured,  before  it  proceeds  to  eat  the 
head  itself.  Other  seven teenth-ccntnry  dictionaries  were  Blount's 
Gloiiiiygraphia^  Phillipe'i*  New  World  of  Wordi^  originally  plagiarised 
from  Blount,  and  the  Dictionary  of  Cocker  the  famous  writing  master 
and  arithmetician  of  Southwark  ;  also  the  tliree  editions  of  Kersey, 
whence  Chatter  ton  learned  his  Elizabethan  words. 

The  next  great  step  forward  was  made  by  Nathanael  Bailey, 
who  first  endeavoured  to  miike  the  dictionary  contain  all  words,  not 
indeed  fur  tho  sake  of  the  explanation  or  even  the  spelling  of  the 
common  words,  but  in  order  to  indicate  their  etymology.  Bailey's 
was  the  greatest  name  in  lexicography  during  the  first  half  of  tht 
eighteenth  century,  and  his  fame  was  not  for  a  lung  time  eclipsed  evsa 
by  that  of  J  oh  us  i  in.  He  had  many  rivals  and  imitators,  most  of 
whoni  tried  like  him  to  make  "  complete  *'  dictionaries,  and  the  cum- 
petition  in  the  number  of  words  now  began.  But  before  many  yeais 
elapsed,  tho  feeling  began  to  prevail  that  it  \v as  time  there  was  pre- 
pared a  Standard  Dictionary,  in  order  to  "  fix  the  language  '  in  the 
fifcate  of  perfection   which  it  was  conBidered  to   have  now  attained « 
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The  same  notioD  had  led  to  tlie  formation  of  the  Frencli  Academy, 
and  of  the  Aecademia  deUa  Oru^ca  at  Florence*  botb  of  which  bodies 
had  as  a  main  object  the  formntioD  of  a  standard  dictionary  to  ^^  fii  the 
Ian gn age**  and  prevent  its  deterioration  or  change — -a  fond  idea 
borrowed  from  the  artificial  preservation  of  an  unchanged  Ciceronian 
Latin  in  the  achools,  A  a  England  had  no  Academy,  it  was  thought 
that  the  wort  mnst  be  don©  here  by  some  eminent  man  of  lettete, 
and  it  was  hoped  that  it  might  be  done  by  Pope,  who  ifl  sai«l  to  hare 
entertained  tho  idea,  and  even  to  have  drtiwn  up  a  list  of  the  authore 
who  were  to  b6  accepted  aa  standards.  But  he  died  in  1744,  without 
anything  further  being  done.  The  matter  was  then  preaaed  upon 
the  attention  of  Samuel  Johnsou,  and  in  1747  a  syndicate  of  London 
pnbliahers  contracted  with  him  to  produce  the  desired  Standard 
Dictionary,  This  wae  to  be  done  in  three  years,  but  it  occupied 
nearly  nine ;  the  work  appcarod  at  lost  in  175^«  There  is  no  time 
within  the  limits  of  this  lecture  to  describe  the  varied  interoBt  of 
Johnaon's  great  work,  and  it  is  only  necessary  to  point  out  that  its 
characterifltic  feature  was  the  support  and  illustration  of  every  word  and 
aenae^  as  far  as  possible^  by  quotations  drawn  from  accredited  writers. 
These  were  all  selected  by  the  leiicographer  himself  from  books  read 
and  nmrked  by  him,  whence  they  wore  copied  oat  by  his  clerkly 
aaaiatants,  or,  in  many  casea,  from  the  stores  of  his  own  memory — 
the  latter  plan  being  facilitated  by  the  fact  that  he  gave  no  reference 
beyond  the  author's  name,  which  in  ita  turn  left  a  considerable  room 
for  inaccurate  quotation.  Books  belooging  to  Johnson's  library  are 
in  exiatence  which  show  his  method  of  reading  and  marking  hooka ; 
one  of  these  is  among  the  treasures  of  my  scriptorium. 

Johnson's  work  raised  English  lexicography  to  altogether  a  higher 
level.  In  his  hands  it  became  a  department  of  literatrire.  The 
value  of  his  Dictionary  was  recogniaed  from  the  first  by  men  of 
letters;  a  second  edition  was  called  for  the  aamo  year.  Bat  it 
hardlj  became  a  popular  work,  or  even  a  work  of  popular  &me,  before 
Ilia  traguming  of  the  nineteenth  century.  For  forty  years  after  its 
S^eumoce,  new  editions  of  Bailey  continued  to  be  issued  in  rapid 
tsoeeanon ;  and  new  dictionaries  of  the  size  of  Bailey,  often  largely 
indetftied  %o  Johnson's  deHnitions,  appeared.  An  important  new 
feature  was  moreover  addetl  in  1773,  when  Dr.  William  Eenrick 
gave  In  his  Netfi  Dictionary  the  Orthfiepy  or  Fronuneiatiou.  But  of 
theae  and  many  other  dictionanoH  I  ccin  nay  little  to-night, 
except  to  mention  the  names  of  Noah  Webster  and  Charles  Richard- 
•on.  Webster  was  a  great  original  genius  and  au  indenemlent 
workdff  great  aa  a  definer,  but  weak  and  often  puerile  in  his 
dmivations,  while  Bichardeon's  splendid  work  exalted  the  function 
and  use  of  literary  quotations  far  beyond  the  notion  of  Dr.  Johnson. 
And  I  can  Dot  dwell  njion  the  New  English  Dieiwnary  on  }mU/ricml 
pinciptm^  founded  upon  materiala  collected  by  the  Philological 
Bociety,  and  prepared  at  the  expebse  and  under  the  fostering  care  of 
the  tJniversity  of  Oxford,  except  to  say  that  it  marks  another  great 
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itAgd  iu  the  deTelapmeot  of  leiieogr&phy^  in  which  the  tir^tinent 
becomes  strictiy  hi^toricftl,  and  the  diotian&iy  comes  Ui  he  trtily  a 
hittor^  of  every  EngUfib  word^  telling  of  its  age,  itfi  sotirce,  the 
tm-cnmstaDoes  in  which  it  arose  m  Engliib  or  came  into  English,  its 
original  form  and  sense,  and  all  the  cbangeB  of  form  and  deTeio|>- 
iDent  of  sense  that  it  has  pawed  through.  Am  thiamins  an  enormons 
OollectioD  of  facts^foF  history  consists  wholly  of  facts  and  iuferencea 
from  facte — the  work  was^  of  eouTBe,  far  beyond  what  ooold  b©  oTer- 
taken  by  &ny  one  mao.  Accordingly,  at  the  suggestion  of  tbe  late 
Archbishop  Trench,  then  D^n  of  Westminater,  the  whole  Euglisb- 
B peaking  world  was  incited  to  coK^perate  in  this  gr^t  task,  and  more 
than  two  thoufiand  men  and  women  have  actually  lent  their  aid  in 
Bjst^matically  reading  and  excerpting  some  100,000  boctks,  and  thns 
furnishing  the  six  milUons  of  quotations  which  supply  Ibe  facts 
rei^nired ;  in  arranging  these  in  alphabetical  order^  in  claaslfying 
thetn  chronological] J  and  according  to  their  senses,  in  snb-editing 
sections  of  the  alphabet,  and  preparing  them  for  final  editorial 
treatment.  It  wonid  bare  been  of  interest*  if  time  bod  allowed  me,  to 
detail  the  methods  by  which  this  has  been  done,  to  tell  of  the 
mnltitade  of  rijaders,  of  the  number  of  scholars  and  men  of  technical 
knowledge  who  have  pnt  their  special  knowledge  at  our  disposal,  of 
the  many  curious  things  that  hare  happened  to  us  in  the  course 
of  twent}r  years ;  but  it  is  really  not  possible,  in  a  discourfie  upon 
dictionaries  generally,  to  giTe  a  fnll  acconnt  of  the  ideal  dictionary, 
and  as  my  time  is  exhaneted  1  will  only  put  on  the  screen  a  few  of 
the  slides  which  give  a  glimpse  of  certain  phases  of  the  work.* 

These  show  ^wrtraits  of  Dr.  Trench,  Mr,  Herbert  Coleridge,  and 
Dr.  F,  J.  Fumivall,  great  names  in  the  history  of  the  Philulogical 
Society's  preparatory  work ;  views  of  the  interior  of  the  original 
Scriptorium  at  Mill  Hill,  of  a  corner  of  that  at  Oxford  showing  the 
pigeon-holes  fnll  of  slips,  and  the  editorial  staff  at  work  [  copies  of 
the  slips  themselves  of  various  kinds,  ordinary  and  estraordinary ; 
autograph  letters  on  dictionary  matters  from  George  Eliot  and 
Lord  Tennyson ;  pages  of  the  dictionary  in  proof,  in  revise,  and  in 
final. 

The  second  half  of  the  nineteenth  century  has  seen  the  under* 
taking  of  four  great  dictionaries  of  the  modern  languages,  wbtch  are 
naturally  compared  with  the  New  English  Dictionary,  The  famone 
German   dictionary,   Deuisehet   Wdrierbueh,  of  Jacob  and  Wilhelm 


•  Tks  duoonrse  up  to  this  point  had  been  illuBtnitod  by  phfrtograpbic  lantem 
slides  of  examples  of  Old  Engliali  glc^aaea  and  heuntifiit  g1o«aed  amuiiBoripta, 
of  the  Old  and  Middle  £ng:lidh  munuacripi  glosaturioa  nod  vocabnlnriea  refemd 
to,  qtinitit  titte-pagei  nud  inteteBtrnf;  typicwl  pag^e  Df  openiugs  af  th^  early 
diiJtionariefl,  Latin- Erigliali,  English- Latin,  Eogliali-Foreij^n,  nnd  of  aU  ihb 
Seventeeath  and  Eighteenth  century  dictioDftries  meotionL^,  with  jpuitmiti  of 
diotioDary -makers,  anciant  aod  modern.  Fortraita  of  the  Brotheri  GHmm  aad 
of  M.  Littr^  were  also  shown  latu-. 
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GHmm,  after  several  years  of  preparation  began  to  be  printed  in 
1852.  It  had  advanced  to  the  word  Frucht  when  Jacob  Grimm  died 
in  18C3.  After  forty  years  more  of  work*  two  generations  oi  hU 
BuoceBsors  have  brought  it  to  the  end  of  S,  and  ite  completion  may  be 
expected,  perhaps,  in  twenty  years.  Tho  great  Dutch  dictionary, 
Wocrdenhoeh  der  Nederlandscke  Taalj  was  commenced  by  Matthias  de 
Vries  in  1852 ;  it«  first  volmne,  containing  half  of  A,  was  publisbed 
in  1882,  and  it  ie  DOW  about  half  finished.  Of  the  new  edition  of  the 
great  Jtidian  Voeabolarh  Delia  Oru$m^  which  is  to  a  certain  extent 
on  hifitorial  principles,  vol.  i.,  containing  A,  was  published  in  1863, 
and  ToL  vili.,  completing  I,  in  1899^  at  which  rate  of  progress  it  may 
he  finished  in  thirty  years.  The  famous  French  dictionary  of 
M.  Littre,  which  ib,  liowerer,  a  much  less  extensivoj  though  perhaps 
better  arrang^  wort  than  any  of  the  preceding,  occupied  the  author 
twenty  years,  and  its  last  volume  was  pnblifihed  in  1873,  with  a 
supplement  in  1881*  None  of  these  great  works  embraces  so  long  a 
period  of  the  language,  or  is  so  strictly  historical  in  plan  as  the 
New  Kugltah  Dictionary ;  they  are  in  truth  all  dictionaries  of  the 
modem  tongues  since  the  sixteenth  centuiy,  with  a  helping  glance  at 
the  earlier  stagf^s  of  the  language.  But  the  immense  pre-eminenee  of 
the  historical  method  of  our  dictionary,  with  its  exact  dates  and 
absolute  chronological  order,  have  been  recognised  by  scholars  in 
erery  land,  who  luok  forward  to  the  time  when  it  will  be  possible  to 
follow  its  model  in  dealing  with  their  own  langneges ;  and  already  a 
great  dictionary  of  the  Swedish  language  has  been  commenced  on  the 
pattern  of  the  English,  one  of  the  editors  of  which  spent  several  weeks 
In  Oxford  in  order  to  gain  a  complete  insight  into  our  methods.  It 
may  be  useful  to  append  a  table  giving  the  chief  landmarks  in  the 
progress  of  English  dictionary*  making. 
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Hard  Latin  words  glossed  or  explained  in  easier  Latin. 

Latin  English  glossaries  compiled. 

Extensive  vocabularies  explaining  Latin  words  in  English. — 

HSO.     Vocabularies  rendeniig   English   words  into  Latin   begin. — 

Promptorium,  CatkolicoUf  Etyi)if  Halo^t,  Barett  Cooper, 
1530.     English    Dictionaries  of  French,  Spanish,  Italian j  Welsh. — 

FaUgrav^f  Percivalj  Florio.  Salesbnry, 
1604-1720.     Yocabularies  of  hard  English  words  erplained  in  easier 
I  English, — Cawdref,  C&t^htamy    Blouni,  Phillipt,  CocJcm'f 

Kersetf, 
1721.     Dictionaries  of  all   English    words.      Derivations   giTen^ — 

Bailey, 
[1T&5.     lUustnitive     quotations    added   to   show    literary    usage. — 

1773*     Orthoepy  or  Pronunoiation  added. — Kenrickf  Perriff  Sheridan, 
Walker, 
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180&-28.    New  and  independent  work  at  definition. — Webster. 
1818-36.    Attempt  to  niake  words  explain  themaelyes  by  abundant 

Quotations. — Bichardton. 
1867.    Philological      Society's     Dictionary     projected.  —  Trench^ 

OoUndge^  Furmvall. 
1884.    First  part  of  New  English  Diotionaiy  on  Historioal  principles 
pnblished. 
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WEEEXY   E7ENIXG   MEETING, 
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^^ift  Wm.  Caooke9»  F.R.3.,  Honor&ry  Secretary  and  Vice-Preaideut^ 

^K  in  the  Cbair. 


J,  Y.  BUCHANAN,  Esq.,  F,R.a  M.KL 
(In  £be  abse&oe  of  H.3.H.  the  Frinoe  of  Monacci.) 

Higt&rkal  Bemarka  on  Same  Prohhjos  and  Methods  of 
Oceanic  EeieaTch. 


[Sir  WiHiam  Omokes  read  *  telegmm  from  H.S.H,  The  Priooe  of  Monaco^ 
fXpresHtDg  hk  regret  thai  owing  to  but  &ocideat  be  woe  unable  to  deliver  tlia> 
>liicoar8&»  but  th&t  he  was  in  a  fair  way  to  recorer?.] 

Tei  telegram  which  Sir  William  Orookes  has  juet  read  must  re- 
■SBure  you,  ae  it  hae  rea&sarod  me,  in  regard  to  the  possible  conso- 
qne  0(368  of  the  accident  which  has  befall  en  H.8.1ii  the  Prinoe  of 
Slonaco* 

It  happened  only  four  days  before  the  great  Paris- Madrid  race 
iti  wMcli  &Q  many  people  were  killed  and  injured ,  and  it  must  be  a 
laEtter  of  cangrattilation  to  all  of  us  that  the  accident  to  the  Pritice^ 
thongh  serious  enough  in  itself,  was  of  smalt  aeeoani  compared  with 
lhe0&,  and  that  it  is  unlikely  that  it  will  interfere  in  any  way  with 
his  ooeanographical  work  of  this  soasnn,  which  is  to  deal  with  aa 
economic  question  of  tbe  greatest  importance  to  France,  namely,  the 
migration  of  the  sardine.  The  disappearance  of  the  sardina  from 
iiimuy  of  the  usual  fishing  grounds  has  caused  much  distress  amongst 
the  French  fishing  folk.  When  the  matter  was  brought  under  His 
HighneBs'  notioo  by  the  French  Government  he  immediately  offered 
the  aerTices  of  his  ship  and  her  appliances,  and  of  himself  dnd  his 
•tftff  to  b©  devoted  ©xoluBively  for  the  whole  season  to  the  elucidation 
of  this  question. 

This  fact  alone  will  show  you  how  great  the  Prince  is  as  a  maa 
md  h&w  world-wide  are  his  sympathioa. 

You  will  easily  under tv tan d  that  I  must  olaitn  the  greatest 
indulgence  from  you  in  my  endeavouT  to  fill  the  place  left  vacant 
owing  to  his  unfortunate  accident 

It  would  manifestly  be  impertinent  if  I  were  to  try  to  imagine 
what  be  would  have  said  and  to  giro  it  to  you  at  second  hand^  I 
may,  howe?er,  be  permitted,  before  pasBing  on  to  matters  more  close! j 
connected  with  my  own  experience,  to  say  a  few  words  about  the 
history  of  the  Prince's  connection  with  the  sea,  and  how  he  has  come 
to  be  the  scientific  centre  aa  well  as  the  powerful  patron  of  every- 
thing connected  with  oceanic  research.     He  began  his  sea  life  as  a 
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midsliipnian  in  the  Spani&h  navy,  in  wliich  he  rose  to  the  r&nk  of 
lieutenant,  after  i*'liicli,  as  a  future  reigning  sovereign,  lie  could  not 
well  cootintte  in  the  eorrice  of  a  foreign  conntry-  He  tbon  took  to 
the  sea  on  liis  own  account  and,  in  various  very  small  vesBolp,  be  made 
fldTentorous  crnises  in  the  North  Atlantic.  It  is  remarkable  that  in 
the  conrse  of  one  nf  tbese  early  cTuieefl  he  oame  to  be  lying  in  bifi 
yncht  iti  the  Tag  us  when  the  Chdlenger  anchored  fit  Lisbon  in 
January  1873,  being  the  first  port  of  call  in  her  long  voyage. 

The  Prince's  first  yaclit  of  any  size  was  the  Eiroudellet  and  she 
wag  only  a  eohootier  of  100  ton&  In  her  he  made  numerous  trips 
across  the  Atlantic,  prosecuting  his  researches  always  by  the  way. 
In  those  crubes  be  showed  what  can  be  accomplished  by  patience 
and  perseverance ;  and  at  the  preaeot  day  it  is  almost  incredible  that 
be  carried  out  successfully  both  sounding  and  dredging  by  hand  in 
depths  of  as  much  as  2Q00  fathoms*  It  is  only  those  who  know 
what  it  is  to  do  work  of  this  kind  with  all  the  aBsistance  of  steam 
powerj  who  can  truly  appreciate  the  quail  lies  of  the  man  who  can 
get  it  done  by  sailors  labouring  ronud  a  capstan  perhaps  for  24  hours 
or  longer.  Last  summer  some  of  these  early  soundings  were  repeated 
in  his  present  perfectly  fitted  yacht,  and  they  wore  found  to  he  quite 
exact. 

It  is  important  to  remember  that,  like  the  Challenger  expedition, 
the  Prince's  life-long  expedition  was  begun  before  there  was  a  science 
of  ooeanographyf  indeed  before  the  word  was  invented,  consequently 
the  development  which  oceanic  research  received  at  his  hand  was 
mainly  determined  by  his  personal  originality.  He  has  always  been 
devoted  to  the  chase  in  all  its  formd,  whether  with  gnn  and  rifle,  or 
wilh  fishing  rod,  net  and  spear,  or  with  the  various  instriunents  and 
methods  known  to  the  experienced  trapper,  and  it  was  nminly  the 
Instinct  of  the  trapper  backed  by  the  lore  of  natural  history  that  led 
him  to  extend  tho  territory  of  the  ohase  from  the  worn-out  land  to 
the  still  virgin  sea.  On  board  the  PrinceMe  Alice  and  in  the  neif 
palatial  MuaSe  tT  Oceanograpkte  at  Monaco  all  departments  of  oceano- 
graphical  research  are  cultivated,  but  tho  Prince's  especial  line  and 
the  one  in  which  he  stamls  ahead  of  everybody  else  is  the  pursuit 
and  capture  of  the  animals  iuhahitiug  the  sea.  With  the  instinct  of 
the  true  trapper  hin  most  deadly  weapon  is  his  knowledge  of  the 
habits  or  the  animal  that  he  is  pursuing.  Every  advance  which  be 
has  made  in  the  art  of  trapping  has  enriched  science  by  the  discoveiy 
of  new  classes  of  animals  and  of  new  regions,  previously  believed  to 
be  desert,  which  teem  with  life.  For  instance,  the  extension  of  the 
use  of  the  lobster-pot  or  trap  to  the  greatest  oceanic  depths  has 
revealed  a  fauna  which  eluded  all  attempts  to  take  it  with  the  dredj,** 
or  trawl,  and  the  habit  of  examining  the  contents  of  the  stomach  of 
larger  animals  has  led  to  tho  discovery  that  the  intermediate  depths 
of  the  ocean  are  inhabited  by  a  gigantic  race  of  octopus  raoi^ 
wonderful  than  any  of  the  fabled  animiilfi  t>f  antiquity, 

I  hope  that  at  no  distant  date  His  Highness  will  be  able  to  lay 
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before  113  iti  thiB  place  the  mftrvtillous  results  of  his  unceasing  activity 
in  thia  field  of  researoh.  Meantime  in  enijeavotiring  to  fill  the  vacant 
pitkce  I  will  ask  yon  to  let  me  take  jou  back  a  matter  of  30  y^are, 
when  tlie  Challenger  expedition  waa  about  to  start  from  this  country. 

The  Chalhnger  Bailed  from  Portsmouth  on  December  21»  1872,  and 
this  iD&y  not  uuf airly  be  taken  aa  the  date  of  the  birth  of  the  eclenoe 
of  oceaoogTaphy,  8ince  this  date  a  new  generation  has  sprung  up, 
and  it  may  be  intereating  to  recall  fiotne  of  the  oireumBtanoee  under 
which  the  expe^lition  came  into  being. 

I  pft88  OTer  the  early  work  done  by  different  nations  (most  of  it 
inggeeted  by  the  obFious  importance  of  bridging  the  ocean  with 
ld<0gnphic  cables)  because  it  would  take  too  mach  time  to  do  it 
JQstioe.  The  real  moyemout  for  the  development  of  deep-sea  research 
b^gan  with  the  cruiee  of  the  Lightning  in  1868,  followed  by  those 
of  the  Poreitpine  in  1869  and  IBTO*  The  scientific  work  of  theaa 
expeditions  was  directed  by  oae  or  other  of  three  meu^Br,  Carpenter, 
Mr,  Gwynn  Jeffreys  and  Professor  Wyvillo  Thomson,  The  work 
done  in  these  expeditions  is  brought  together  in  *  The  Depths  of  thfl 
Sea,'  by  Frofe^^or  Wy^ille  Thomson,  publtahed  on  the  eve  of  the 
sailing  of  the  ChaUenger,  The  Porcupine  ei^tablished  a  record  for 
the  time  by  dredging  in  the  Bay  of  Biscay  in  a  depth  of  234& 
fiithome,  where  abundance  of  life  was  found.  The  results  of  theae 
two  expeditions  aroused  public  interest  in  deep-sea  research,  and  it 
was  powerfully  supported  by  the  increasing  importance  of  submarine 
ftelegraphy.  It  was  in  these  faTOuring  circumstances  that  Dr.  Car- 
penter threw  himself  with  heart  and  soul  into  the  work  of  promoting 
an  expedition  on  a  great  scale,  for  the  exploration  on  broad  lines 
of  the  whole  of  the  ocean -covered  surface  of  the  globe.  It  was 
to  his  well-directed  importunity  that  the  government  of  the  day 
yielded,  and  that  the  pioneer  scientific  exploration  of  the  ocean  feU 
%o  the  lot  of  Qreat  Britain.  It  was  probably  not  unfortunate  that 
the  Chancellor  of  the  Exchequer  of  the  day  was  Eobert  Low,  whose 
long  colonial  experience  gave  him  a  greater  breadth  of  view  than 
is  commonly  found  at  home.  In  his  6rst  letter  to  Professor  Stokes, 
then  Secretary  of  the  Royal  Society,  Dn  Carpenter  puts  forward  the 
organisation  of  an  expedition  on  a  large  scale  as  a  national  duty. 
The  first  sentence  of  his  letter  of  June  15,  1871,  runs  : — "  The  in- 
formation we  have  lately  received  as  to  the  activity  with  which  other 
ustiona  &re  now  entering  upon  the  physical  and  biological  exploration 
of  the  deep  sea,  makes  it  appoar  to  my  colleagues  and  myself  that 
the  time  is  now  come  for  bringing  before  onr  own  Government  the 
onportance  of  initiating  a  more  complete  and  sytematic  course  of 
rewarch  than  wo  have  yet  had  the  means  of  prosecuting." 

The  result  of  Dr.  Carpenter's  labours  was  that  the  expedition 
wis  resolved  on  before  the  end  of  1871,  and  preparations  for  its 
equipment  could  be  commenced  at  onoe*  Although  the  formal  ap* 
potntments  were  not  made  till  much  later,  most  of  the  members  of  the 
ieQtific  staff  had  been  selected  and  had  begun  their  preparatory 
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work  before  tE«  begmning  of  1872,  The  late  Piofessor  Sir  Wyville 
Thomson  was  made  director  of  t tie  scientific  staff,  and  I  was  fortunate 
enougli  to  be  selected  as  the  chemiBt  and  physicist  of  the  expedition, 
for  'which  I  owe  him  a  debt  of  gratitude  that  I  can  never  repay. 

On  the  naval  side  the  cipedition  was  particularly  lucky.  Admiral 
Bicbardfi  was  the  hydrograpber  and  was  probably  the  most  experi- 
enced surveying  officer  of  the  time*  He  entered  into  the  proposed 
expedition  with  the  greatest  eutbiLeiasm,  and  in  Captain  Narea  be 
appointed  the  best  officer  of  his  department  to  the  command  of  the 
ship.  Captain  Nares  and  the  officers  who  bad  served  with  bim  in 
various  ships  and  who  followed  him  to  the  Ohallenger  bad.  already 
had  abundance  of  experience  of  sounding  and  other  observations  in 
great  depths,  so  that  when  the  Challenger  sailed  it  was  with  a  naval 
staflf  which  thoroughly  knew  its  business.  Owing  to  the  early 
selection  of  the  civilian  scientific  staff  it  also  was  able  to  start 
thoroughly  knowing  its  business  in  so  far  as  that  could  bo  known  at 
the  time,  and  the  priucipal  thing  that  it  httd  to  aeq^uire  was  its  sea 
legs.  The  tempestuous  weather  of  the  first  ten  days  of  the  cmise 
enabled  it  to  acquire  these  without  delay* 

Almost  all  the  men  to  whose  influence  the  expedition  was  due 
are  de&d.  Those  who  at  present  are  most  active  in  the  furtherauce 
of  the  science  of  oceanography  were  then  children^  and  not  with* 
standing  the  voluminous  reports  of  the  voyage^  it  is  difficult  for 
the  student  of  to-day  to  realise  what  were  the  views  and  expectations 
thirty  years  ago  which  determined  the  procedure  of  the  CitaUenger  in 
breaking  ground  iu  the  vast  dominion  of  the  sea.  I  propose  to-night 
to  illustrate  this  with  one  or  two  examples.  The  subject  is  more 
fully  dealt  with  in  a  paper  entitled  '  A  Retrospect  of  Oceanography 
daring  the  past  Twenty  Years  *  published  in  the  Report  of  the  six^ 
International  Congress  at  London  in  1895^ 

Continuity  of  ike  Chalk. — The  efibct  of  the  work  of  the  Mtdldog 
and  of  Dr.  Wallich's  report  on  it  was  to  produce  the  belief  which  was 
generally  expressed  by  saying,  that  at  the  present  time  chalk  ifi 
being  laid  down  all  over  the  deep  ocean,  that  therefore,  geologically 
speaking,  the  bottom  of  the  oeeau  is  a  contemporary  cretaceooE 
formation.  Thus  Wyville  Thomson,*  after  pointing  out  that  where- 
as the  chalk  of  our  downs  consists  of  almost  pure  carbonate  td 
calcium  with  no  silica,  the  chalk  mud  of  the  Atlantic  contains  as 
much  as  twenty  or  thirty  per  cent,  of  silica,  and  that  English  chall: 
is  the  very  purest  of  its  kind,  he  goes  on  to  say,  "  There  can  be  no 
doubt  whatever  that  we  have  forming  at  the  bottom  of  the  present 
ocean  a  vast  sheet  of  rock  which  very  closely  resembles  ch&Ik ;  and 
there  can  be  as  little  dotibt  that  the  old  chalk,  the  cretaceous  foroxft- 
tion  which,  in  some  parts  of  England,  has  been  subjected  to  enormous 
denudation,  and  which  is  overlaid  by  the  beds  of  the  Tertiary  seriest 
wae  produced  in  the  same  manner  and  under  closely  similar  circom- 
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ctanoea ;  and  not  tBe  dmlk  onlj,  but  most  probably  all  the  great 
tim@«to&e  farmations." 

Further  on  (p.  4&5)  he  says,  "  I  have  said  at  the  l>eginning  of 
this  chapter  that  I  belieVG  the  doctrine  of  the  continuity  of  the  chalkj 
as  underetood  by  those  who  firat  Hnggeeted  it,  now  tueots  with  very 
general  acceptance ;  and  in  evidence  of  this  I  will  quote  two  passages 
in  two  consecutive  anniTersary  addre&Bea  by  presidents  of  the  Geo* 
logical  Society t  and  we  may  have  every  con^dence  that  the  statemeDts 
of  men  of  80  great  weighty  made  nnder  such  circumstanceSf  indicate 
the  tendency  of  sound  and  judicioua  thought.  Professor  Hujeley,  in 
the  addreBB  for  the  year  1870,  says,  "  Many  years  ago  [Stiturday 
BeneVf  1858)  I  ventured  to  speak  of  the  Atlantic  mud  as  *  modern 
€halk/  and  I  know  of  no  fact  iuci^nsiBteut  with  the  view  which 
Professor  Wyville  Thomson  has  advocated,  that  the  modern  chalk  is 
not  only  the  lineal  deecendant  of  the  ancient  chalk,  bub  that  it 
remalDSt  so  to  speak,  in  posseesitm  of  the  ancestral  estate  ;  and  that 
from  the  cretaoeoQft  perioil  (if  not  mueh  earlier)  to  the  present  day, 
the  deep  sea  hw  covered  a  large  part  of  wlmt  is  nuw  the  area  of  the 
Atlantic.  But  if  Globigerina  and  Terebratula,  Capttt  Berpenlis,  and 
Beryx,  not  to  mention  other  forms  of  animals  and  of  plants^  thus 
bridge  over  the  interval  between  the  present  and  the  Mesozoio 
periods,  is  it  possible  that  the  majority  of  other  living  things  under- 
wont  a  sea  change  into  something  new  and  strange  all  at  onoe?" 

The  other  fiuotation  is  from  Mr.  Prestwich,  in  1871,  but  that 
&om  tha  late  Profeseor  Hmley  will  suffice  to  show  the  tendency  of 
ofoni&n  at  the  ttme. 

This  was  tindoubtedly  the  prevalent  view  when  the  Challenger 
•tiled  from  England,  In  connection  with  this  it  mugt  be  noted  that 
the  only  really  oceanic  bottom  samples  that  had  been  examined  were 
those  of  the  Bulldog ^  and  were  obtained  in  the  modemte  depths 
which  are  now  known  to  uaually  cover  deposits  of  glchigerina  ooze. 
That  this  is  by  no  means  the  universal  deposit  on  the  bottom  of  the 
ocean  was  proved  at  tho  very  outset  of  the  cruiee. 

Having  left  Portfimouth  on  December  21,  1872,  the  Challenger 
called  at  Lisbon,  Gibrallar,  Madeira  and  arrived  at  8anta  Cruz  de 
Tenerife  in  the  Canaries  on  February  7,  Shortly  after  the  ship 
dropped  anchor  a  etdnte  was  fired  on  shore.  As  the  ChaUenger  had 
bo  guns  for  saluting  purposes  an  officer  was  sent  ashore  to  ask  the 
reason  of  the  sal  ate,  and  he  was  informed  that  the  mail  from  Kurope 
which  had  just  arrived  had  brought  news  of  the  birth  of  a  Prince. 
U  is  mmarkable  that  while  the  salute  was  being  ^e^  King  Amadeo 
Ltd  already  resigned  the  throne  and  had  left  Spain.  The  Prinoe 
wbotto  birth  was  thus  celebrated  was  the  Duke  of  tho  Abruzzi  who  has 
nitde  00  distinguished  a  name  for  himself  as  an  Arctic  explorer. 
Oddly  enough,  about  two  years  later  it  was  the  0tallenger  which 
brought  the  news  to  Manila  of  the  restoration  of  King  Alfonso. 
Keither  of  these  groups  of  islands  were  thcD,  or  till  long  afterwards, 
uii  the  sobmarine  telegraph  system.     On  the  way  to  the  Canaries  th< 
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work  douo  hj  thd  ehip  was  preparfttory^  g^Uing  the  genr  and  tbe 
hftods  into  warking  order.  Regular  work  commenced  o&  Pebmarj 
18,  1872,  when  fiku  Itifl  the  Canary  IfiUndB  tu  run  her  first  line  of 
Bounding  and  researcli  stations  acruss  the  Atlantic  to  the  Inland  of 
Sombrero  in  the  West  Indies,  and  fundamental  difiooveries  were  made 
in  the  very  first  week.  On  the  second  day  out,  Febniarr  15,  a 
sounding  in  lat  25^  41'  N.,  long.  20^  14'  W,  gave  a  depth  of  1525 
fatboms,  but  the  douuding  ttibe  brought  back  no  sample  of  the 
bottom.  It  is  retnarkable  afl  indicating  the  views  of  the  tirne^  that 
the  absetice  of  a  aample  of  mud  was  not  supposed  to  afford  einidenoe 
that  the  bottom  was  not  soft,  but  only  that  the  tube  bad  not  acted. 
It  w&e  considered  inconcei ruble  that  any  part  of  the  bottom  of  the 
uceaii  could  avoid  being  covered  with  mud. 

Oceanic  icioas,  if  I  may  say  so,  had  not  yet  been  bom  :  thought  ran 
only  on  coaeting  lines.     Notwithstanding  the  absence  of  evidence  of 
the  nature  of  the  bottom,  the  dredge  was  put  over  and  it  aSbrded 
perhaps  the  most  remarkable  haul  of  the  whole  cruise.     The  dredge 
came   up   full  of  maasea   of  jet   black  branching  coral  attached   to 
blaek  banded  fragments  of  mineral  matter  reaembUug  brown  coaI» 
In  every  branch  of  coral  siHeouns  sponges  were  slicking  like  huge 
birds'  nests,     I  have  seen  many  dre^gings  and  trawlings  since,  bat 
none  that  was  so  striking  as  this.     1  see  it  now  before  me  as  clearly 
as  1  did  thirty  years  ago  on  the  deck  of  the  ChaUenger^     On  that 
day  we  learned  two  new  things ;  namely,  that  "  hard  ground  **  occurs 
in  the  open  ocean  as  well  as  in  the  tidal  waters^  and  that  peroxide 
of  manganese  and  allied  ochres  are  amougst  the  important  ocean lo 
formations.     The  experience  of  the  Challenger  was  that  manganese 
nodules  are  found  all  over  the  ocean^  but  principally  in  the  great  depths 
where  calcareous  deposits  are  rare  or  absent.    On  September  23, 1878, 
while  prosecuting  occanographical  rtisearches  in  the  Firth  of  Clyde  ^ 
on  the  steam  yacht  Mallard,  which  I  had  built  in  that  year  expressly 
for  such    work,  I   found   in    Loch    Fyne  in    water   of    about  100 
fathoms  a  rich  deposit  of  mud  which  contained  t»ver  20  per  cent, 
of  its  bulk  of  manganese  nodules,  which,  in  outward  appearance  and 
characteristics  as  weU  as  in  chemical  compositiou,  were  not  to  be 
tlistingoiahed   from    oceanic  nodules*     This    was  a  very  important 
discovery.     Some  years  later  these  nodules  were  found  in  other  parts 
of  the  Firth  of  Clyde,     The  submarine  maDganese  nodules  are  » 
distinct  geological  formation.      Their  essential   constitnent  is  m 
ochre,  that  is,  a  higher  hyd rated  oxide  of  one  or  mure  of  the  metals 
of  the  iron  group.     The  hydrates  of  the  peroxides  of  manganese  sfi^ 
of  iron  are  present  in  preponderating  quantity,  and  they  are  alwa^ 
accompanied  by  the  homologous  oxides  of  nickel  and  cobalt,    Tki^ 
association  of  these  four  metals  and  the  constancy  of  character  ob* 
served  in  the  nodules,  suggested  to  me  as  a  first  idea  that  they  were 
perhaps  simply  the  products  of  the  oxidation  of  met«oritee.     Furtlief 


*  *  IiMi«imeat!  Nodules  io  Ixich  Fyne/,*  Nature  *  C187S>  iviii^  p.  ^8. 


1903.]      on  Som    PrGblems  and  Methods  of  Oceanic  Eesearch. 


363 


acquaintance  with  tbem  rendered  this  explanation  very  improbable. 
A  eharacteriBtic  feat  are  f»f  the  nodules  is  that  when  heated  in  the 
closed  tube  they  emit  a  strongly  etnpyreumatic  odonr  aod  give  olf 
stoam  which  cundeneos  to  an  al  halt  no  liquid.  As  my  atten- 
tion  was  thus  early  directed  to  the  formation  uf  ochres,  I  carefully 
studied  every  occurrence  of  theiu.  The  organic  matter  revealed  by 
heating  in  the  closed  tube  vtvks  m  invariably  preeetit  as  the  ochree, 
•nd  in  the  many  instances,  priucipftlly  in  the  Pacific,  where  large 
fragments  of  pumice  were  brought  up  from  great  depths,  these  maeees 
were  perforated  by  annelids  and  the  holes  produced  were  almost 
always  clothed  w^ith  a  bkck  ochreous  lining  of  the  same  composition 
Ail  tbebe  maogane^  iiodules,  and  the  pumice  in  the  neighhuurhood  of 
the  holes  was  stained  of  blackish  brown  colour  from  the  same  cause, 

l^his  frequent  occurrence  of  the  ochrcouB  formation  in  connection 
with  the  deep  sea  annelids  and  the  invariable  oofrurrcnce  of  organic 
matter  in  freshly  collect<?d  nodules,  suggested  the  connection  of  the 
formation  uf  the  ochreous  deposits  with  the  organic  life  on  the  bottom. 
Ochreg,  especially  hydrated  ferric  oxide,  ar^  essential  constituents  of 
the  oc^nic  **  rod  clay/'  When  the  sounding  tube  brings  up  a  sample 
of  bottom  from  one  of  these  regions,  it  i a  quite  usual  to  timl  that 
the  upper  layers  of  the  samples  are  of  a  red  colour,  while  the  mud 
immediately  below  is  of  a  bluish-black  colour.  As  the  dredge 
furnished  evidences  of  the  abundance  of  life  Ln  the  miid,  as  the 
difference  of  colour  of  the  upper  and  lower  layers  of  the  mud  was 
evidently  due  to  a  difierent  state  of  oxidation  of  the  iron  in  it^  and 
as  the  water  in  contact  with  the  surface  of  the  mud  always  showed  a 
deficiency  of  oxygen,  there  was  little  difiSculty  in  concluding  that  the 
existence  of  animal  life  in  the  mud  had  some  effect  in  modifying  its 
chemical  composition. 

When  a  freshly  collected  sample  of  submarino  mud  is  carefully 
washed  with  a  jet  of  water,  until  the  finer  Succulent  particles  are 
removed,  the  mud  which  remains  is  in  the  form  of  elongated  casts  of 
ellipsoidal  form.  Pressure  with  the  finger  breaks  them  up  into 
floceulent  part  idea,  which  can  be  washed  away  with  the  jet  of  water, 
Wving  still  B(.iine  ellipsoids.  By  continniug  this  treatment,  finally 
all  the  flucculent  matter  can  be  washed  away,  but  the  ochreous 
deposits  thus  freshly  collected  and  carefully  examined  are  always 
found  to  be  made  up  of  these  oil  ipso  id  h  which  aru  nothing  more  nor 
lesa  than  coprolites.  The  animals^  which  live  in  abnndanoe  in 
the  mad,  live  by  passing  it  through  their  bodies  and  eitractiug  from 
it  what  nutriment  they  can.  The  trituration  of  the  mud  in  the 
interior  of  the  animals  and  in  contact  with  living  orgunic  matter 
tedncm  the  sulphates  of  the  sea-waber  to  sulphides.  These,  iu 
&>ntact  with  the  ferric  oxide  of  the  mud,  reduce  it  to  ferrous  sulphide 
with  separation  of  sulphur.  Hence  the  mud  not  immediately  in 
oontact  with  the  water  has  a  hluiah-hlack  appearance.  When  it 
Of»mes  in  contact  with  the  water  which  contains  free  oxygen,  the 
ftrrous  sulphide  is  oxidised  and  the  surface  layer  becomes  red.     If 
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tbit  is  tlie  true  explanation  we  ought  to  be  ^ble  to  fi.nd  traces  of  &ee 
mlpbur  in  tbe  mud,  althougli  tbo  finely  divided  eqlpbnr  vrbicb  is  pro- 
duced in  this  class  of  renction  is  easily  oxidiaed.  Acting  on  Ibis 
idaftt  and  coi^necting  it  with  O^cat  Pe^hel's  brilliant  application  of 
tbe  BeUcien  fauna  of  lakes  and  rivers  in  tbe  dtagnoeia  of  morpho- 
logical terrestrial  changes,  I  treated  a  Bories  of  oceanic  muds  and 
manganese  nodules  with  chloroform  for  the  extraction  and  deter- 
mination of  anj  sulphur  that  they  might  contain.  The  experiment 
wfus  successful  in  ©very  case*  and  tbe  results  arc  given  in  a  paper  * 
on  the  occurronce  of  sulphur  in  marine  muds,  tead  before  the  Hoyal 
Society  of  Edinbursh,  When  eurveyiug  tbe  Gnlf  of  Guinea  in  1886 
in  the  Buccaneer^  I  found  this  coprolitic  character  of  the  mud  near 
the  mouth  of  the  Congo  ao  highly  developed  that  in  the  re  porta  of  tbe 
Bound i tigs  I  bad  to  introduce  a  new  ilegignatiou  for  this  class  of  miid, 
namely  ccproUtic  mud.  Beturniug,  howover,  to  the  first  crnise  of  the 
voyage,  namely  tlmt  from  Tenerife  to  Sombrero,  it  was  firmly 
estabHi^hed  that  the  nature  of  the  deposits  in  the  open  ocean  varies 
in  a  definite  way  ac^cording  to  the  depth  of  tbe  water.  Between 
1000  and  1600  fatboma  w©  have  tbe  pteropod  shell.  At  greater 
depths  they  disappear  and  tbe  calcareous  portion  of  the  mud  consists 
of  flhells  of  foraminifcira  to  a  depth  of  about  350Q  fathoms.  Be- 
yond tbis  depth  tbe  foraminifera  rapidly  disappeared^  and  at  ■ 
depth  of  over  8000  fathoms  tbe  mud  consisted  almost  entirely  of 
red  ochreous  and  argillaceons  matter.  During  the  second  year  of 
tbe  voyage  the  diatomaceous  ooae  of  the  Antarctic  ocean  was  dle- 
eovered,  and  later  still  in  the  Pacific  the  radiolartan  ooze.  Star  ting 
therefore  with  the  expectation  of  finding  a  more  or  less  universal 
chalk  formation  at  ihe  bottom  of  the  ocean,  the  result  of  the 
Challenger* t  work  in  the  first  two  years  was  to  open  up  a  new  geo- 
logical world  and  to  fibuw  its  dependence  on  the  physical  condition 
of  the  oceans. 

.BcriA^6ii*f,— When  the  Challenge  started  on  her  voyage,  it  w»e 
not  only  expected  that  the  bottom  of  the  sea  would  be  foutid 
everywhere  covered  by  a  calcareous  deposit,  but  it  was  believed  thai 
it  bad  been  shown  that  the  mud  at  the  bottom  of  the  ocean  was 
everywhere  associfttod  with  an  all-pervading  organism  to  which 
Huxley ,t  its  discoverer,  had  given  the  name  of  Bathifbim. 

The  following  extract  from  Wy  ville  Thomson's  '  Uepths  of  the 
Sea/  p,  410,  gives  a  description  of  a  mud  in  which  this  mystenouf 
being  was  believed  to  bo  present. 

"  In  this  dredging,  as  in  most  others  in  the  bed  of  the  Atlantic, 
there  was  evidence  of  a  eonBiderable  quantity  of  soft  gelatinous 
organic  matter,  enough  to  give  a  slight  viscosity  to  the  mud  of  thft 

•  •Oh  the  Occurrence  of  Bulphur  ta  Murine  Mmb  ftiid  Nodule^  aini  in 
btinriDg  OB  theit  Mode  of  Form  at!  un/  By  J,  Y.  Buebnuaii,  K.U.S.,  Procwdiigi 
cf  Roynl  E^ociety.  Edinbui^eh  (18&0),  toI.  xviil,  pp.  l7-3^\ 
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enrfaee  layer.  If  the  mud  be  shaken  with  weak  spirit  of  wine,  fine 
flakes  separate  like  coagulated  mucus ;  and  if  a  little  of  the  nmd  in 
which  this  risciil  conditiou  is  most  marked  be  placed  in  a  drop  of  eea- 
water  under  the  microscope,  we  cau  usually  see^  after  a  time,  an 
irregular  network  of  matter  resembling  white  of  egg^  diet  in  gnish  able 
by  its  maintaining  its  oDtlino  and  not  mixing  with  the  water.  This 
network  may  be  seen  gradually  altering  in  form,  and  entangled 
granulea  and  foreign  bodies  chimg©  their  relative  positions.  Th© 
gelatinous  mutter  is  therefore  capable  of  a  certain  amount  of  move- 
meaii  and  tbore  can  be  no  doubt  tliat  it  manifests  the  pbenomena  of 
a  very  simple  form  of  life. 

^^  Tn  this  organism,  if  a  being  can  be  ao  called  whiob  ^faowe  no 
trace  of  dififerentiation  of  organs,  consisting  apparently  of  an  amor- 
phous sheet  of  a  protein  compound,  irritable  to  a  low  degree  and 
capable  of  assimilating  food.  Professor  Huxley  has  giren  the  name 
of  MathyhiuB  haeckdii.  If  this  has  a  claim  to  be  lecogMised  as  a 
distinct  living  entity,  exhibiting  its  mature  and  tinal  form,  it  must 
be  feferred  to  the  simplest  division  of  the  BheU-lesa  rhizopoda,  or  if 
we  adopt  tlid  class  proposed  by  Professor  Haeckel,  to  the  monera. 
The  cirvumstance  which  gives  its  special  interest  to  Bathybius  is  ita 
enormous  extent;  ^^hether  it  be  cotitiiiuous  in  one  vast  sheet,  or 
broken  up  into  circumscribed  individual  particles,  it  appears  to 
extend  over  a  large  part  of  the  bed  of  the  ocean ;  and  as  no  living 
thing,  however  slowly  it  may  live,  is  over  perfectly  at  rest,  bnt  is 
eoadmnally  acting  and  reacting  with  its  surroundings,  the  bottom  of 
Hie  sea  becomes  like  the  surface  of  tbe  sea  and  of  the  land, — a 
theatre  of  change,  performing  its  part  iu  maintaining  the  '^  balance 
of  organic  nature." 

Although  Bathyhius  was  discovered  by  Huxley  it  was  Haeckel 
who  popularised  it.  Hie  paper  on  *  Bathybius  und  das  freie  Proto- 
placma  der  Meerestiefen/*  is  one  of  the  most  fasciuatiug  memoirs 
that  baa  ever  been  written. 

In  reviewing  Huxley's  article,  he  says  that  the  most  important 
fact  brought  out  by  Huxley's  investigations  is  that  the  bottom  of  the 
<ipen  ocean,  even  in  the  greatest  depths,  is  covered  ^'itb  enormous 
masees  of  freo4tving  protoplasm  wbicb  exists  there  in  the  simplest 
and  moat  original  fonu,  that  in,  it  has  no  definite  shape  and  is  hardly 
individoalified.  The  fact  that  these  enormous  mnssea  of  living  pro- 
Uiplaem   cover   the  great  depths  of    the   ocean  in    preponderating 

Suantity  aud  under  quite  peculiar  conditions,  suggests  so  many  re- 
eotions  that  a  book  could  l>e  written  on  thorn,  Haeekel  aeks,  **  What 
ia  this  Bathifhim  for  an  organism  1'  How  did  it  oome  into  being  ? 
What  becomes  of  it  ?  What  place  are  we  to  accord  to  it  in  the 
leooomy  of  nature  in  these  abysses?*' 

Haeckel  recognised  clearly  the  fiAr-reaching  importance  of  the 
discov*«ry.     He  concludes  with  the  inquiry,  "  Have  we  not  here  the 
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caae  of  protoplaem  coming  continEotiBly  into  being  by  creation  ? 
We  Btaod  here  face  to  face  with  a  aeriea  odT  dark  enigmas,  the  answer 
to  which  we  must  hope  to  receive  from  future  iaTeatigations/' 

It  ninet  be  remembered  that  the  material  for  the  study  of  Bathff* 
biu$  was  rare  and  valuable.  Specimens  of  the  mud  &om  the  bottom 
of  tbe  opeu  ooseau  were  then  very  Bcaroe  and  were  jealously  goajded. 
It  was  quite  legitituate  for  Hueckel  to  look  forwiutl  for  more  light 
when  material  would  be  more  plentiful. 

In  the  early  part  of  the  cruise  all  the  naturalists  sought  for 
Baihybim,  but  they  found  nothing  answering  to  it  which  sbowci 
motion.  Apart,  ho\^everf  from  the  motion,  the  white  gelatitious 
matter  like  coagtilated  alhutuen  seemed  to  be  present. 

It  was  obvipas  that,  if  an  organic  body  like  albumen  were  present 
all  over  the  bottom  of  the  sea,  the  water  taken  from  the  bottom  must 
necessarily  contain  enough  of  it  to  show  clear  eridence  of  organic 
niatter  when  eiwpttrated  to  dryness.  Experiraeuts  which  I  made 
repeatedly  in  this  direction  ga?e  a  negative  result* 

As  chemibt  of  the  expedition  I  looked  at  the  matter  from  a  dil- 
foront  point  of  view  from  that  of  the  naturalists.  The  nature  of  the 
experiments  which  I  maile  and  their  result  are  best  given  by  quoting 
from  my  report  to  Professor  Wyville  Thomson,  which  was  pabliahed 
in  the  Proceedings  of  the  Hoyal  Society.* 

*'  If  the  jelly-like  organism  which  had  been  seen  by  some  eminent 
naturalists  in  specimens  of  ocean  bottoms  and  called  Bathyhiun  rmHj 
formed,  as  was  believed,  an  all-pervading  oi^nic  covering  of  thtj 
aea-bottctm,  it  could  hardly  fail  bo  show  itself  when  the  bottom  water 
was  evaporated  to  dryness  and  the  residue  heated.  In  the  numeroQB 
samples  of  bottom  water  which  I  hav^e  so  examined,  there  never  waa 
Rufficient  organic  matter  to  give  more  than  a  just  perceptible  greyish 
tinge  to  the  residue,  without  any  other  signs  of  carbonisation  or  burning. 
Meantime^  my  colloague,  Mr.  Murray,  who  had  been  working  accor^l' 
ing  to  the  directions  given  by  the  discoverers  of  Baiht/biud,  had 
actually  observed  a  substance  like  '  coagulated  mucus,'  whitb 
answered  in  every  particular  except  the  want  of  motion  to  the  descrij^ 
tion  of  the  organism,  aod  he  foutad  it  in  such  quantity  that,  if  it  were 
really  of  the  supposed  organic  nature,  it  must  necessarily  render  the 
bottom  water  so  rich  in  organic  matter  that  its  presenoo  would  be 
abundnntly  evident  when  the  \^ater  was  treated  as  above  described.. 

*'  There  remained  then  but  one  conclusion,  namely  that  the  bodjf 
which  Mr.  Murray  had  observed  was  not  an  organic  body  at  all ;  anJ 
on  eitaminiug  it  and  its  mode  of  preparation,  I  determined  it  to  be 
sulphate  of  lime,  which  had  been  eliminated  from  the  sea- water, 
always  present  in  the  mud,  as   an   amorphous  precipitate  on  the 


*  *  Report  on  chemical   work  doDe  on  hoard  H.M.S,  Challengers    by 
BudjaDBn,  Proceedia^  of  Royal  Society  (1876),  vol.  xiiv.,  p.  t;05. 
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ftddttioti  of  spbits  of  wine.  The  subetaoce  when  mnalyoed  consisted 
iif  Btilphuric  acid  and  lime ;  and  wben  dissolved  in  water  aad  the 
fiolmioQ  allowod  to  evaporate,  it  crystal  Used  iu  tb©  well  known  form 
of  ^^siim,  tbe  orfstals  being  all  alike^  and  there  being  no  amorphonfl 
miiteT  amongst  them/' 

Haeckel  rolled  chiefly  an  its  faculty  of  being  stained  by  carmine 
S8  evidence  that  the  body  which  he  was  examining  was  organic^ 
Snlphnte  of  lime  as  prepared  by  the  precipitation  of  an  aqueooH 
Boltition  of  a  calcium  s&Lt  by  alcohol  is  a  perfectly  amorphous 
floQculent  precipitate  which  is  coloured  intensely  by  carmine,  and  the 
colour  is  fast  as  against  treatmeot  with  apirit.  I'he  naturalists  on 
board  had  great  difficulty  at  lirst  in  believing  that  this  reaction  was 
not,  as  Haeckcl  thought  it  was,  absolutely  dectsive  of  the  orgauio 
character  of  the  body. 

To  remove  this  view,  however,  it  was  only  necessary  to  point  out 
that  the  production  of  pigments  by  tlie  staining  of  amorphous  mineral 
precipitates  with  organic  colouring  matters  weis  a  very  old  ehemioal 
industry.  The  pigments  so  produced  are  called  by  the  generic  name 
of  Lakes  ;  and  the  mineral  precipitate  most  commonly  used  is  hydrate 
(*f  alumina  ;  but  many  other  substances  can  be  used  fur  the  purpose, 
and  it  appeared  that  sulphate  of  lime  when  freshly  precipitated  by 
alcohol  was  to  be  added  to  the  list^ 

I  have  dwelt  at  considerable  length  on  these  two  doctrines  relating 
to  the  coodifcions  at  the  bottom  of  the  ocean,  namely  that  of  the  oon- 
tiouity  in  time  of  the  chalk  and  that  of  the  ountinuity  iu  space  of 
organic  plasma,  not  only  because  they  oharstcterise  the  views  held  by 
leading  naturali&ts  between  the  years  ISO 8  and  1873,  but  also  because 
the  proving  of  these  doctrines  was  the  immediate  motive  of  much  of 
the  early  work  dono  on  board  the  Challenger.  That  the  result 
sbowed  that  it  was  impossible  to  uphold  either  doctrine,  diminishea 
in  nothing  the  usefulness  of  their  having  been  put  forward  as 
hypotfaeees,  nor  does  it  afford  any  reason  for  their  being  allowed  to 
^mm  into  oblivion. 

The  Ship  ami  her  EquipmenL — ^Before  concluding  I  should  like  to 
iay  a  word  f>r  two  about  the  Challenger  as  a  ship  and  her  equipment. 
She  wftjs  a  spar-decked  corvette,  and,  when  serving  an  ordinary  com- 
miwion,  she  carried  twenty-one  guns.  These  bad  been  removed  and 
the  large  ports  enabled  the  ship  to  etijoy  the  most  perfect  ventilation. 
Ushe  was  ship-rigged  and  her  engines  were  able  to  drive  her  11  knotpi 
it  fall  speed.  Her  displacement  was  about  2300  tons.  Like  all 
the  men-of-war  of  her  time  she  was  built  of  wood,  with  very  solid 
timbers.  Her  screw  propeller  could  be  hoisted  np  out  of  the  water. 
This  was  a  ereat  convenience  bocsuse  all  the  postage  was  made 
under  saiL  The  whole  amount  of  coal  which  she  could  carry  was 
tery  little  more  than  that  required  for  mauceuvring  the  ship  at  the 
Bciunding  and  dredging  stations.  The  work  at  a  station  generally 
took  the  whole  day  from  sunrise  to  sunset,  and  every  one  familiar 
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with  steamers  knonre  how  expensiTe  m  coal  is  ihe  0}>€£Fa>tion  of 
keeping  alatioD. 

The  material  collected  at  each  station  bad  to  be  examined,  pre- 

fierred  and  stored,  before  the  ship  arrived  at  the  next  one.  The 
Btatiotie  were  generally  about  200  miles  apart,  eo  that  in  tbe  passage 
from  one  port  to  another  a  s tattoo  wtm  made  abont  erety  second  day. 
This  VfBs  easily  accomplished  under  sail  and  it  added  enormonsly  to 
the  comfort  and  the  interest  of  the  voyaga  All  the  advantages  of 
haTiDg  a  wooden  eaUing  ship  were  not  ftdly  realised  at  the  time* 
It  was  not  nntil  I  had  taken  part  in  one  or  two  eipeditions  in  well 
found  iron  or  steel  shipe  in  tropical  waters  that  I  fonnd  ont  the 
discomfort  which  we  escaped  by  being  on  board  of  an  **  old  wooden 
ship/*  The  temperature  of  tbe  air  in  the  ship  was,  of  course,  never 
lower  than  that  of  the  air  outside  ;  but,  oo  the  other  band  it  was  neyer 
higher.  Nothing  astonished  me  more  than  the  perfect  nniformity  of 
temperature  of  the  air  of  the  main  deck  of  the  ahip  in  the  tropics* 
I  was  able  to  make  experiments  on  the  effects  of  pressure  on  the  deep 
eea  thermometers  in  a  hydraulic  apparatus  on  tho  main  deck,  which 
I  coold  not  have  made  anywhere  else.  The  temperature  of  the  air  did 
not  vary  by  one-tenth  of  a  degree  (C.)  during  the  whole  of  the  day. 

Iron  or  steel  ships,  even  the  magnifioent  yacht  of  the  Prince  of 
Monaco,  get  h^ted  through  by  the  sun  in  the  course  of  the  day,  and 
at  first  they  do  not  cool  as  much  during  the  night.  They  are  like 
a  black  bulb  thermometer,  they  do  not  lose  as  much  heat  as  they 
gain  until  their  temperature  has  risen  a  good  many  degrees  above  the 
mean  tempera  tare  of  the  air,  and  that  can  be  pretty  high.  The 
voyage  of  tbe  ChaUenger  lasted  three  years  and  five  months.  Of 
this  time  three  years  were  spent  between  the  parallels  of  40^  S.  aod 
40°  N.,  and  the  greater  part  of  that  time,  between  the  tropics.  I 
have  no  hesitation  in  saying  that  the  work  could  not  have  been 
carried  on  continuously  in  thee©  tropical  seas  for  such  a  length  of 
time  in  any  other  kind  of  ship.  The  principal  points  of  advantage 
were,  the  thick  wooden  wallf,  which  completely  prevented  over  heating 
and  over  cooling,  the  splendid  ventilation  which  was  provided  by  the 
twenty  gun  ports  on  the  main  deck,  and  the  pi^ctice  of  making  the 
passage  under  sail. 

A  word  with  regard  to  the  equipment.  Throughout  the  voyage 
hemp  eounding  line  and  hemp  dredging  rope  were  need,  and  much 
of  the  snccees  of  tho  eitpedition  is  due  to  this  fact.  There  was 
really  no  temptation  to  uee  anything  else,  because  wire  sounding 
had  not  passed  the  experimental  etage,  and  aU  that  was  Imown  for 
certain  was  that  the  same  wiri^  could  not  be  expected  to  be  used  in 
many  soundings  without  breaking.^  As  our  sounding  line  wiis  ou 
every  occasion  to  carry  a  load  of  valuable  instruments,  this  risk 
could  not  he  run.  Captain  Nnros  knew  that  he  could  do  all  that  was 
wanted  with  sounding  line,  and  he  was  brilliautly  justified  by  the 
result.     There  was  no  question  of  using  wire  rope  for  dretlging.    It 
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w»s  first  used  in  America  by  Agnssia  in  1877,  and  on  this  side  of 
tli«  Atlantic  by  myself  in  1878, 

Wire  is  suitable  only  for  soaQding^  pure  and  gimple ;  aud  tlio 
dstuled  inyestigatioD  of  the  form  of  the  bottom  of  the  ocean  cannot 
be  carried  out  with  aujthing  else*  Ae  there  is  nothing  at  the  end 
of  the  wire  but  a  sounding  tube  or  a  sinker,  it  can  bo  hove  up  as 
i|iucklj  as  the  eugine  will  rnn,  and  the  lose  owing  to  a  breakage  of  the 
wm  is  insignificant.  For  deep<0eA  raeedrch  it  is  entirely  uneui table, 
because  it  Im&  to  carry  valuable  instniments.  Their  value  iuoroaees 
largiely  with  the  nnmber  of  times  that  they  are  employed,  and  when 
they  are  lost,  for  instance,  in  the  Pacific,  it  takes  the  best  part  of  a 
year  to  replace  them,  and  then  they  are  replaced  by  new  lUBtrumonts 
which  have  tio  hintory. 

The  record  of  tho  Challenger  iu  freedom  from  accidents  is  a  very 
hrilliant  one.  She  was  supplied  with  two  (j^ualities  of  sounding  line 
designated  Nos,  1  and  2,  of  which  No.  2  was  inferior  iu  size  aud 
qiiftUty.  It  was  osed  during  the  first  two  months  of  the  cruise  and 
w»«  found  BO  imtrustTrorthy  that  it  was  condemned,  and  from  Feb- 
ruary 1873  line  No.  1  was  used  exclusively.  Before  reaching  Lisbon 
three  No.  2  lines  were  lost,  with  three  thermometers.  After  leaving 
Lisbon  the  No.  2  line  was  used  for  the  last  time  on  February  19, 1873, 
when  it  parted,  and  two  thermometers  were  lost.  From  this  date 
until  the  end  of  the  voyage  in  May  1876,  No»  1  line  was  used  ex- 
clusively, aud  it  parted  on  five  occasions,  namely,  April  28,  1873, 
losing  one  tbermometer;  on  May  1,  1873,  losing  one  thermometer; 
on  Anguflt  16»  1873,  losing  two  thermometers;  and  on  June  14  and 
June  16,  1874,  losing  on  each  of  these  days  two  thermometers.  After 
June  16,  1874,  no  sounding  line  was  lost.  In  all,  therefore,  nine 
sounding  lines  were  lost,  and  along  with  them  thirteen  tbermometers. 
Daring  the  whole  voyage  only  two  temperature  lines  wore  lost  with 
eight  tbermometers,  This  immunity  from  accident  was  due  not  only 
to  the  excellence  of  the  line,  but  in  a  far  greater  degree  to  the  con- 
stant care  which  was  taken  of  it  by  the  oflicers  and  mou  who  had 
charge  of  it. 

The  immimity  from  breakage  of  the  sounding  line  enabled  the 
temperature  at  tbe  bottom  of  the  oc^au  to  be  determinod  time  after 
time  with  the  same  thermometer,  and  even  with  the  same  pair  of 
thermometers.  The  following  is  a  list  of  the  thermoiueters  which  were 
toed  more  than  ten  timet  for  determining  the  bottom  temperature^ 


Thermometer 

.     No,  9S    69    ea    87    80    83    92    66 

Times  tued     .     . 

.     .       7si    74    31     29    23     15     13    20 

li 

In  the  following  table  will  be  found  the  number  of  times  that 
eertaiu  pairs  of  thermometers  wore  used  together  for  the  detet'mi- 
natiun  of  the  bottom  temperature  at  the  same  locality, 

Tbc»om.te„     .     .     .     .  No..  {««      «^      «?      |^      ^?      '^ 
Tljasi  ued  together      ...        28      13      12      23      22      IS 
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The  odTftDtage  of  being  able  to  nee  the  same  fliemiometerB  for 

determining  iLe  bottom  temperatujie  at  80  many  differetit  localitifis, 
does  not  require  to  be  pointed  out  to  any  ficientitio  man. 

It  was  port  of  the  regular  routine  of  a  station  to  determine  the 
temperature  of  the  intemediate  water  from  the  finrface  down  to 
1500  fathoms  at  every  hundredth  fathom.  In  addition,  that  of  tlie 
water  between  the  enrface  and  a  depth  of  100  fathome  was  generally 
determined  at  every  tenth  fathom,  Sometimee  it  was  determined  ftt 
e?ery  twenty-ifth  fathom  from  the  surface  to  a  depth  of  300  fathoms. 
It  woa  iiF^uul  til  uBe  from  six  to  eight  ihermometers  on  the  lioe  at 
once,  BO  that  the  temperature  at  every  hundredth  fathoin  down  to 
1500  fathoms  was  effected  in  two  operations.  The  temperatnr&a  at 
clo^r  intervals^  in  the  water  near  the  surf  ace,  were  detemiined  alflo 
at  the  rate  of  eight  jier  operation.  Therefore  in  obtaining  the  inter- 
mediate tempera tureSf  first  1500  fathoms  had  to  be  run  out  and 
hanled  in ;  then  700  fathoms ;  then  one  or  perhaps  two  shorter 
lengths,  according  to  the  number  of  temperatures  near  the  snrfaco 
which  were  desired.  This  service  alone  entailed  the  handling  of 
something  like  2500  fathoms  of  line,  and,  as  we  have  seen,  during 
the  whole  voyage  only  two  accidents  occurred  to  the  temperature 
line.  The  following  table  shows  the  work  which  was  done  by  the 
temperature  line. 


IflterralefDeptli. 

NnmberofSfiMnle 

TcmpRBtarfii 

Ofe«rv«C 

He<iii«rtbe0F|Alii 

FatbonHk 
Ffora      10  to     100  iiid. 

1278 

50* 

„        110   „     200     , 

9&I 

160 

^       225  „     300     ,, 

SS9 

278 

400  ,,   1000     „ 

1396 

700 

„     1100  „   IftOO    „                1 

711 

1300 

From     10  to  1500  inoL 


4«d9 


4e5 


The  nnmber  of  stations  which  furnished  these  4899  temperatti'** 

observations  was  262,  which  gives  an  average  of  18 '7  observatitF^ 
per  station.  A  full  station  in  deep  water  inclutled  either  throe  ^^ 
four  operations  and  furnished  from  20  to  30  tern i>eratu res.  At  mai^^^ 
stations  the  depth  was  less  than  1500  fathoms,  and  it  was  not  uec^^^ 
sary  always  to  take  temperatures  at  such  close  intervals.  The  mar^ 
result  of  the  above  table  is  to  show  that  the  enormout^  number  c:^^^ 
nearly  five  thouBand  deep-sea  temperatures  was  obtained  with  a; 
expenditure  of  only  eight  thermometers  and  one  line.  It  was  at  Ih 
rate  of  612  observatioDS  for  every  therm u meter  lost. 

Although   specimens   of   the   earliest   pattern    of   Negretti   an 
Zam bra's  reversing  thermometer  were  received  on  board  the  Challengi 
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before  the  end  of  the  voyage,  all  the  teraporfttures  above  referred  to 
were  taken  with  the  Milhr'Ccuella  maximum  and  mmimum  protected 
thcnBometer.  It  is  awing  to  the  use  of  this  instrument  that  the 
temperature  work  of  the  CkQUenger  during  little  orer  tbree  jearg 
in  comparable  in  amount  with  all  the  temperature  work  which  baa 
been  done  b^  other  ships  in  the  thirty  jears  since  her  date.  The 
reversing  thermometer  is  an  indiepenBable  instrument  for  oheervations 
in  isolated  depths,  and  for  series  of  temperatnres  in  the  very  re- 
stricted localities  where  the  great  law  of  the  decrease  of  temperature 
with  increase  of  depth  does  not  hold.  The  total  extent  of  these 
localities  is  less  than  one> tenth  of  that  of  the  whole  ocean «  They 
ectrer  the  two  polar  areas  and  the  neighbouring  waters  which  are 
affected  by  the  presence  of  ice.  In  lower  latitudes  they  include  only 
the  so-called  endowed  haitTiSt  the  largest  of  which  is  the  Mediter- 
ranean, and  in  these  the  law  holds  rigorously  down  to  a  definite 
depth.  The  whole  of  the  open  ocean  lying  between  the  parallels  of 
60^  N>  arid  50'^  S.  onu  he  thoroughly  investigated  with  the  protected 
maximnm  and  minimum  thermometer,  and  if  bemp  line  be  used, 
Severn  or  eight  of  them,  as  experience  showed,  can  be  safely  risked 
in  each  operation.  The  actual  pattern  to  bo  used  is  the  one  with 
which  I  supplied  the  late  Mr.  Ca&ella  on  the  return  of  the  Challenger ; 
and  with  it  I  have  made  all  my  later  temperature  inveatigatioQs, 
QOtablj,  the  thermal  survey  of  Xioch  Lomond*  and  other  Scottish 
Iiakes,  as  well  as  that  of  the  Gulf  of  Guinea  which  I  carried  out  on 
howd  the  Buccaneer  f  in  the  early  part  of  the  year  1886.  It  diflFers 
from  the  original  Challenger  pattern  in  being  longer  and  having 
two  scales.  The  one  scale  carries  either  Celsius'  or  Fabrcnbeit's 
degrees  on  enamel  slips  fixed  to  the  vulcanite  backing  of  the  ther- 
mometer and  close  alongside  the  stem.  The  other  is  a  scale  of 
millimetres,  etched  on  the  stem  itself.  This  is  the  real  scale  of  the 
imrtEiitiient,  and  the  valtie  of  its  divisions  is  determined  by  careful 
comparison  with  a  standard  thermometer.  At  every  observation 
both  scales  are  read  and  the  readings  recorded,  and  the  one  always 
oorreots  the  other  in  the  cn&e  of  a  misreading.  In  my  instrtiments 
the  length  of  one  Fahrenheit's  degree  was  from  2  -  5  to  3  millimetres, 
which  enables  the  temperature  of  very  deep  water  to  be  determined 
with  great  eiactness.  An  eiploring  ship  should  always  carry  some 
ihormometers  ra versing  by  messenger  to  test  cases  where  from  the 
indications  of  the  maximum  and  minimum  thermometer  the  law  of 
daoreittfie  of  temjierature  with  increase  of  depth  seems  to  be  departed 
from, 

Samples  of  intermediate  water  were  collected  at  depths  of  800, 
400^  800^  200,  100,  50  and  25  fathoms,  and  a  separate  operation  was 
required  for  each  depth.  At  a  full  station  this  necessitated  the 
liaudling  of  1B76  fathoms  of  line.  This  service  was  performed 
mthcut  the  low  of  any  material  tchatemr. 

*  fVoceediiiKa  of  Royal  Society,  Edinburgh,  1885,  vol.  iHi,  p.  40S, 
t  *Tlie  ScottiBh  Geograpbical  Magadne,  April  and  May,  1888. 
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The  mean  depth  oorreepoDding  tci  251  fiotmdiiiga  with  tempera- 
tnTee,  tabulated  m  th«  Eeport  on  *  Beep^eea  Temperatm^e,'  is  2060 
fathoms,  and  403  eepsrata  obeerra lions  of  the  temperatiire  at  the 
bottom  were  obtained.  All  the  acci dents,  excepting  two,  happened 
to  the  sounding  line  in  the  first  sixtj  of  these  eoiindiiLgp^  namely 
before,  and  including,  the  16th  August,  1873,  At  the  beginning 
of  the  Toy  age  onlj  one  thenuoineter  wne  nae*!  at  each  somiding  and 
exactly  eistj  t^mpejuture  obeervations  correepond  to  them  «3Cty 
sonndings.  The  breakages  of  the  sounding  line  which  Docatred 
daring  this  period  occasioned  the  loss  of  eleven  thermometers,  and 
this  was  dne  principally  to  the  nge  of  the  inferior  soQnding  line 
{No.  2)  dming  the  first  months  of  the  voyage. 

At  almost  every  one  of  the  remaining  sonndings^  101  in  number, 
two  thetmometers  were  nsed.  The  exact  ntimber  of  individual  obser* 
vations  of  temperatare  at  the  bottom  was  313.  We  have  aeen  that 
during  this  time,  from  August  IBTS  to  the  end  of  the  voyage  in 
May  1S76,  only  two  sotmding  lines  were  carried  away^  namely ,  those 
of  the  14th  and  16th  June,  1874,  entailing  a  lo«s  of  four  tbermometerfl* 
Therefore,  in  two  years  and  nine  month s,  343  independent  observa^ 
tions  of  the  temperature  at  the  bottom,  in  an  average  depth  of  2060 
fathoms,  were  made  at  an  expenditure  of  four  thermometers.  This  is 
at  the  rate  of,  in  round  numbers,  86  determinatiouB  per  thermometer 
lost*  After  leaving  New  Zealand,  the  whole  of  the  exploration  of 
the  Pacific  Ocean^  occupying  eighteen  months,  was  carried  out  without 
the  loBS  of  a  sounding  line  or  of  a  thermometer,  or  other  inslrument 
attached  to  it.  One  thermometer  was  lost  by  the  parting  of  the  tem- 
perature line  on  June  18,  1875.  It  may  be  add^  that,  during  the 
whole  voyage,  eleven  thermometers  collapsed  under  the  high  pressare, 
at  very  great  depths. 

We  see  then  that,  at  a  full  station  of  average  depth  the  length  of 
sounding  line  handled  was — 


For  the  BoiindiDg 2000  fathoms 

For  intermediate  tempenitui-ei     ,         .         .         .       iioOO      ^, 
A^  for  iutennedj*.te  waters        >         .         .         .       1875      ,, 


Total 


6435 


When  the  depth  was  3000  fathoms  or  more  the  length  of  sounding 
line  handled  in  the  day  amounted  to  from  7500  to  8000  fathoma 
In  addition  to  this  there  would  be  the  3000  fathoms  of  dredge-linew 

In  dredging  and  trawling  the  Challenger  was  equally  successful. 
From  the  date  of  sailing  from  England  to  October  3,  1873,  or  nine 
months,  the  dredge  or  trawl  line  parted  six  times.  From  October  3, 
1873,  till  June  26,  18T5,  113  stations,  no  line  parted.  In  1876  three 
lines,  and  in  1876,  two  lines  parted.  In  all  daring  three- and*a-half 
years,  during  which  354  stations  were  made,  there  were  only  elevea 
of  the  parting  of  the  dredge  or  trawl  line. 

In  the  ordinary  routine  on  board  the  Challenger  the  souudiug 
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wa«  made  flritli  a  sinker  weigMng  336  lbs.  The  "  B&illie  "  tube 
whicb  carried  it  weighed  25  lbs.,  and  the  water  bottle  weighed  20  \h&,^ 
flo  that  the  total  weight  at  the  end  of  the  Une  ivas  381  lbs.  in  air. 
Excepting  the  water  bottle  which  was  of  bronze,  all  this  weight  was 
of  iroiif  and  we  find  its  weight  in  water  by  deducting  one-eighth  or 
48  Ibe.  whieb  leayes  333  lbs.  as  the  efiective  sinking  weight.  The 
No.  1  line,  which  w&fi  in  daily  nee,  weighed  iQ  water  6  lbs,  per  100 
&thomfl  (in  air  it  weighed  20  lbs.).  Thetefore^  every  100  fathoma 
of  line  used  in  the  sounding  added  6  lbs.  to  the  eS'tsctivo  sinking 
weight,  but  at  the  same  time  by  its  friction  it  produced  a  retardation 
which  depended  on  the  velocity  of  descent.  The  retarding  eflect, 
except  in  very  shallow  water,  is  greater  than  the  accelerating  effect^ 
therefore  the  net  effect  is  one  of  retardation.  With  wire  the  opposite 
is  the  case.  After  the  fij^t  50  or  100  fathoms  of  line  bare  run  out, 
there  is  a  continual  and  progressive  retardation^  The  line  was  always 
allowed  to  run  out  free  from  coils  oq  the  deck  and  without  any  break 
or  resistance. 

Perhaps  the  greatest  advantage  which  hemp  line  has  over  wire 
fur  sounding,  and  more  particularly  for  dredging  in  deep  water,  ia 
that  it  loses  about  70  per  cent,  of  its  wt^ight  when  immersed  in  water, 
wber^s  the  wire  loses  only  13^  per  cent.  Thus,  the  No.  1  line 
weighs  in  air  20O  Iba^  per  thousand  fathoms  and  only  60  lbs.  in 
water.  The  same  length  of  sounding  wire  weighs  14|  Ibe.  in  air 
ind  12 '6  Ibe.  in  water.  The  breaking  strain  of  the  line  is  14  cwt. 
i>r  1568  lbs.,  that  of  the  wire  is  210  lbs.  The  length  of  the  line 
which  weighs  1568  lbs.  in  water  is  26,000  fathoms,  while  that  of  the 
wire  which  weighs  210  lbs,  in  water  is  16,700  fathoms.  Therefore, 
granting  that  we  can  sound  in  16,700  fathoms  with  wire,  there  are 
nearly  10,000  fathoms  more  that  can  be  explored  only  with  hemp, 
and  beyond  26,000  fathoms,  if  such  depths  existed,  we  should  not  be 
able  to  explore  them  at  all. 

Of  course  these  limiting  depths  are  purely  theoretioal,  because, 
each  being  at  its  brealring  strain,  neither  the  line  nor  the  wire  could 
be  hove  up  from  them.  They  serve,  however,  to  accentuate  a  very 
re&l  advantage  which  the  hemp  line  has  over  the  metal  wire.  This 
advantage  will  make  itself  praotically  felt  in  dredging  in  the  great 
depths  of  4000  and  even  6000  fathoms  which  are  now  known  to 
fisiit.  For  inetance,  the  wire  rope  used  by  Agas^ie  on  board  the 
Make  IumI  a  circumference  of  l\  inch.  One  fathom  of  it  weighed 
1*14  lb,  in  air  and  1  lb,  in  water.    Its  breaking  strain  was  8750  lbs., 

10  that  ite  breaking  length  was  8750  fathoms  in  water  and  at  reet. 

11  ia  obvious  that  if  it  were  to  be  used  for  dredging  in  5000  fathoms 
the  remaining  3750  lbs.  would  be  quite  inadequate  to  bear  the  weight 
of  Ihe  dredge  with  its  contents,  and  the  strain  which  would  have  to 
bo  exerted  in  order  to  bring  it  up  in  a  reasonable  time,  to  say  nothing 
of  the  margin  for  safety,  or  of  the  resistance  while  being  dragged  over 
tbe  ground- 

Uuch  misundGrstanding  prevails  about  the  relative  rapidity  with 
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wtiioh  sotitLdiiig  and  dredging  opemtione  can  be  carried  on  with  hemp 
auti  with  wire.  In  well  appointed  c&ble  ships,  Bouodiags  io  2000 
fathoms  of  water  ean  be  made  in  aa  hour  from  start  to  finis H^  bnt  in 
order  to  do  this  the  wire  must  bo  hore  in  as  fast  as  possible  and 
breftkagee  frequently  occur.  When  the  wire  carries  deep-sea 
thermometers  or  other  valunble  instruments,  it  ia  impossible  to  work 
at  this  rate  with  any  regard  to  the  safety  of  the  instruments.  With 
hemp  line  the  maiiinum  rate  of  working  can  be  observed  whether  the 
line  carries  instruments  ornot,  because,  if  the  line  has  been  properly 
<mred  for,  breatagee  do  not  occur. 

The  following  short  tMo  shows  the  ordinary  rate  at  which  deep 
eonn dings  were  carried  out  on  board  the  Challenger  '-^ 


TtiM  ninaiiis  mA, 

wlUi  i^kfr  vvisbloff 

Time 

TduI 

D^mii> 

hmwins  In. 
Stnker 

boKvliig  ta  per  mfnute. 

Tlm&  v( 

&iDD4lAff  la 

K 

SCWUOT 

4  cwL  or 

ellpptd. 

Dep(Ji  (d). 

1 

IHkdKw, 

300  ktlQi. 

MK-u. 

metres. 

adimim. 

mljjiit««. 

mEntitM. 

&Uiomi. 

metf.. 

aM«i. 

0 

0 

0 

0 

0 

0 

0 

0 

U>00 

ISOO 

11*5 

10-5 

20 

50 

90 

3()'5 

I  sua 

27W 

19-S 

17*7 

35 

42-9 

77-2 

52-T 

20(K> 

3(>O0 

29-4 

26-2 

50 

40 

72 

76*2 

S500 

4500 

39-8 

B5-75 

70 

85-7 

64-8 

105  75 

3000 

5400 

511 

46-2 

90 

8d-3 

59  9 

ISO' 2 

S500 

6300 

631 

57*4 

115 

SO-4 

54-7 

172  4 

4000 

7200 

75! 

B8*7 

140. 

m& 

51  3 

208-7 

4500 

8100 

87-1 

so-o 

170 

26-5 

47-7 

2500 

With  regard  to  the  dredge  or  trawl  line,  when  clear  of  the  bottom 
it  was  brought  up  from  3000  fathoms  at  the  average  rate  of  1000 
fathoms  per  hour. 

In  conclusion,  I  must  thank  yon  for  the  patient  bearing  which 
you  have  given  me  while  I  have  been  reciting  facte  which  to  me  are 
old  and  to  some  of  you  will  sound  old-fashioned,  but  I  am  convincd^ 
that  to  the  majority  of  you  they  are  now,  I  look  forward  to  an  earlj 
date  when  I  hope  we  shall  meet  again  to  hear  the  Prince*E  lecture 
which  has  been  bo  unfortunately  postponed. 

[J.  T.  B.] 
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The  New  Star  in  Geminu 

BrsGCtTE&T  fortna  only  &  small  part  of  the  work  of  an  aetronoiDer ; 
iiidBed^  m  Gngtoming  is  tho  study  of  the  heaTena  under  tKeiT  normel 
tapectj  ihB.i  some  a^tfonomerB  are  almoBt  mdiftorent  to  new  objeote. 
It  h&s  been  declared  that  the  discoYerj  of  a  new  comet  is  merely  a 
mmtter  of  money,  i.e.  of  antomatio  search iag  for  a  given  length  of 
time,  ThoBo  who  note  only  the  largo  comots,  of  whicli  we  have  not 
«6ea  one  since  1882,  may  be  sarprised  to  hoar  that  100  faint  oometa 
have  been  discorored  and  watched  sinee  then.  But  during  the  same 
period  only  ten  pew  stars  have  heen  found,  ae  may  be  seen  from  ih^ 
foUowing  complete  list,    (Harrard  Oircnlar  No.  1,  extended.) 


LiOT  OF  New  Stabs. 

B«c  ^x 

i'im.^lMmt\()a. 

Ytmr. 

.        1 

Casaiopeia     . 

1572 

Tycho  Bn^iL 

3 

Cygoun 
Ophmolius    , 

1«00 

Jftnsoii, 

3 

IfSOi 

Kapler, 

4 

Vnlpecula     . 

1(170 

Atithdm. 

0 

Ophinchue    . 

]g4S 

Hind. 

k         * 

Soorpio 

I860 

AnwerH. 

7 

Corona  Boicalli 

1866 

BirmiDgbam, 

i 

CygDoe 

187a 

Bohmidt. 

0 

1885 

Hftrtwig. 

10 

Peraeiu 

1887 

Flfeming. 

11 

Auriga 

1891 

Anderson., 

1% 

Noraui 

1809 

FJenaing. 

la 

Caritja 

1895 

Flcmiug. 

u 

Centaunia     . 

1895 

Fleiaiiig. 

in 

Sftgittariua    . 

1898 

Fkmini;. 

16 

Aqnila 

1809 

Fltitning. 

1? 

Peneua 

1901 

Andeiwjw* 

18 

GoDiiiii 

1903 

At  Oacford. 

• 

Of  those  no  Iobs  than  six  were  found  by  the  Bcrotiny  of  photo- 
K'^jilijc  platce  at  Harrard  College  ObeerTatory,  most  of  theM,  how- 
*^^r,  only  being  reeognised  long  after  the  original  outburst.    Those 
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wore  all  found  by  Mre.  Fleming,  wto  speEds  her  Hfe  in  examining 
the  vast  ooUectioQs  of  pbotogmphs  taken  tmder  thd  enterprifilng 
directorate  of  Professor  Pickering. 

Of  tKe  remain mg  four,  two  fall  to  Dr.  Anderson,  wko  watches  the 
heaTeng  aasiduonslj  from  his  quiet  study  window  in  Edinburgh. 
The  firatt  Nova  Anrige,  hod  been  shining  for  two  months  in  the  ekj 
without  attracting  attention,  aa  was  found  by  scrutiny  of  the  Harvatd 
photographic  recordf.  If  these  oonld  have  been  minntely  eiatninod 
as  they  were  taken,  the  star  would  have  been  fonnd  two  months  earlier. 
But  Buch  immediate  and  comprehensive  scrutiny  is  aa  impossible  with 
the  limited  staff  of  the  obeerratory  as  it  would  be  to  have  all  the 
books  received  at  the  British  Musenm  read  throngh  as  they  came  in. 
With  the  second  discovery »  Nova  Pereei,  Dr.  Anderson  was  more 
fortunate,  catching  the  star  within  about  twenty-fonr  hours  of  its 
Hazing  up ;  and  the  news  being  flashed  all  over  the  world  at  onoe^ 
the  history  of  the  star  wag  well  recorded  from  the  very  outeet. 

There  remain  two  more  of  the  ten  discovered  since  188*3,  the  firsi 
and  the  last.  The  flrst,  NoTa  Andromedee,  appeared  in  the  midst  of 
tho  great  nebitla  in  Andromeda,  and  its  discovery  was  probably  dne 
to  the  special  attention  naturally  paid  to  that  won derfol  object.  It 
need  not  concern  us  further  at  present  than  to  remark  that  there  is  a 
close  connection  between  new  stare  and  nebuliBf  of  which  this  is  only 
one  illustration. 

The  last  of  the  ten,  Nova  Geminomm,  was  found  at  the  University 
Observatory  at  Oxford  on  March  2i»  and  is  the  reason  of  my  giving 
this  lecture.  The  disoovery,  although  made  in  the  oonrse  of  regular 
and  laborious  work  on  the  stars,  was  not  the  outcome  of  any  systematic 
e^rch,  I  will  first  hriefy  explain  the  work  wo  are  doing  at  the 
University  Observatory.  In  conjunction  with  seTcnteen  other  obser- 
vatories scattered  over  the  worlds  we  are  making  a  great  map  of  the 
whole  sky.  All  the  partners  have  instruments  of  similar  pattern,  and 
each  of  them  has  undertaken  to  take  about  1200  photographs,  which 
wiU  cover  twice  over  the  portion  of  the  sky  assigned,  and  to  measoie 
carefully  the  positions  of  all  the  stars  on  these  plates.  There  afd 
about  400  stars  on  each  plate,  and  each  observatory  must,  theref ors^ 
measure  nearly  half-a-roillion  star  images.  This  is  a  considerable 
piece  of  work,  and  although  at  Oxford  we  have  adopted  the  most 
rapid  and  economical  methods  of  getting  through  it,  it  has  ooonpied 
more  than  seven  years.  I  am  glad  to  say  we  are  getting  Bear  the 
end  I  about  sixty  or  seventy  plates  only  remain  to  be  measured,  and 
we  hope  to  finish  them  before  the  end  of  the  present  year. 

In  this  hope  we  have  been  making  special  efforts  ainoe  the  be* 
ginning  of  1903  to  get  all  the  plates  still  required,  so  that  none  might 
be  left  over  till  1904.  Taking  advantage  of  a  spell  of  fine  weather  in 
February,  Mr.  Bellamy  and  I  had  secured  about  twenty  or  thirty 
plates,  but  on  proceeding  to  develop  them  we  found  they  were  wofnlly 
doticient  in  faint  stars.  We  had  independent  teats  of  developer  and 
eky,  and  were  driven  to  conclude  that  the  plate@  woie  inferior ;  and 
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on  referring  to  the  makers  (Meaara,  Elliott  and  Son)  tbej  franklj 
»Dd  apologetically  admitted  an  infenority,  and  sent  us  some  ipaciallj 
good  ones  in  euhstitntion.  But  all  our  work  was  to  be  done  over 
agam,  with  oppoFtunitieB  restrtctfid  by  lapse  of  time  ;  and  working  in 
tkia  way  under  preasnre,  Mr,  Bellamj  was  not  very  nrnch  Burprieed 
to  find  that  one  of  the  plates  must  be  taken  jet  a  third  time,  not 
becanse  of  any  fault  in  the  plate,  bnt  hocamse  the  telescope  had 
not  been  pointed  to  precisely  the  right  region.  This  pointing,  or 
^*  setting,"  is  done  by  help  of  a  star  whose  position  is  known-^ — 
generally  the  bngjbtest  star  in  the  region,  since  it  is  most  easily 
identi&ed  ;  and  if  two  st^rs  are  seen  in  the  approximate  place,  it  is 
generally  safe  to  conolnde  that  the  brighter  ie  the  one  reqnirod.  In 
the  case  in  qnestion,  two  stars  i^ere  seen,  though  the  brighter  did  not 
Beam  to  comply  with  the  conditions.  The  brighter  star  was,  in  fact, 
the  new  star,  Nova  Geminornm,  bnt  Mr.  Bellamy  natnrally  had  had 
no  intimation  of  this,  and  when  he  found  the  plate  wrongly  "  eet  " 
merely  put  it  aside  as  defective. 

A  hw  days  afterwards,  some  fortunate  impulse  led  me  to 
esamine  again  the  rejected  plates,  and  on  learning  that  this  par- 
ticular plate  was  wrongly  *'  set,"  I  took  down  another  showing  some 
of  the  same  stars,  to  find  out  the  reason,  A  mere  glance  was  enough 
to  show  that  there  was  a  strange  object  on  the  rejected  plate,  and  iSie 
exciting  question  arose,  What  was  it  ?  a  planet,  a  variablo  star^  or  a 
new  star  ?  I  need  not  trouble  you  with  the  details  of  the  steps  taken 
during  that  busy  afternoon  to  discriminate  between  these  three 
po«eibilities.  It  will  suffice  to  say,  that  as  night  drew  near  it  seemed 
fairly  probable  that  the  strange  object  could  only  be  a  new  star,  and 
if  io,  I  was  the  first  man  to  hold  consciously  m  my  hand  the  disooveiy 
photograph  of  a  new  star :  for  although  six  new  stars  had  previoosly 
been  found  on  photographs,  they  had  all  been  found  by  a  woman* 
The  final  t^st  was  etili  to  be  made  if  the  weather  was  fijie ;  was  the 
object  fitill  there  ?  For  it  was  now  March  24,  and  the  photograph 
had  been  taken  on  March  16,  The  night  was  dear  ;  the  verification 
Wfts  made ;  and  I  may  say,  parenthetically,  I  have  never  been  more 
iQrpriied  or  delighted  than  when  a  difiTcrential  transit  and  declination 
obforration  gave  results  agreeing  precisely  with  my  measures  made 
Anmg  the  afternoon  on  the  photograph.  And  then  it  only  remained 
to  send  postcards  to  such  observers  as  would  receive  them  before  the 
next  night,  a  letter  to  Dr.  Anderson,  and  a  telegram  to  the  Central- 
sielie  at  KieL 

It  WS0  oertainly  very  pleasant  when  the  answers  to  these  com- 
mnnloBtions  began  to  come  in— when  there  came  a  poetcard  from 
Mr,  Nowall  saying  that  a  spoctroscopio  observation  supported  the 
view  that  the  oliject  was  a  new  star ;  and  a  note  of  congratulation 
from  Dr.  Anderson  himself.  And  now  we  took  a  new  view  of  thd 
eonduot  of  Messrs.  Elliott  in  sending  us  that  bad  batch  of  plates ; 
h&A  they  been  good  we  should  never  have  found  the  new  star^  for  it 
ftppeired  after  the  region  had  been  taken  the  first  time,  and  had  the 
shto  been  successful  we  should  not  have  taken  another. 

2  c  2 
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When  I  paes  from  this  account  (howcrdr  imperfecl)  of  tbo 
disGOTerj  of  new  stars  to  consider  wlimt  thej  ar^^  it  is  like  leaving 
firm  gtonnd  for  quicksand.  The  inqtiiry  is  at  pTesent  in  tliat  stage 
wLicfi  IB  fiometinieg  fiumined  up  bj  the  duUy  papers  in  the  phrsee, 
"  The  police  have  a  elae  and  are  investigating  th©  matter."  The 
astronomical  police  think  thej  have  a  cltic,  or  rather  Beireral  clnes, 
to  the  origin  of  theee  onthorstSf  and  Toriona  ahle  m embers  of  the 
force  ore  diligently  inveetigating  the  matter ;  but  thej  are  as  jet  f&r 
from  being  able  to  prove  their  ciuie  against  an 7  suBpocted  ageocj. 
The  culpiits  to  whom  the  evidence  eeems  to  point  are  the  nebuLie — 
in  almost  every  instance  where  it  has  been  possible  to  collect 
information,  a  nebula  appears  if  not  definitely  aa  the  originator  of 
the  ontburet^  at  least  as  an  accessory  after  the  fact.  The  new  star 
of  1S85  appeared  in  the  midst  of  the  nebula  in  Andromeda  as  we 
have  seen ;  and  one  of  those  found  at  Harvard  (Kova  Centann^  1895) 
«ko  originated  within  a  visible  nebula^ 

The  suggestion  I  wieh  to  make  to  the  jury  is  that  in  other  casea 
also,  although  nebulffi  could  not  be  aeen^  iheif  were  reaUg  there.  And 
I  proceed  to  give  evidence  in  support  of  this  view. 

Firstly,  it  is  quite  certain  that  some  nebulsB  are  not  seen  merely 
because  thoy  are  too  faint  for  our  present  telescopes.  For  as 
telescopes  have  increased  in  power,  and  plates  in  sensitiveness,  aad 
Giposurea  in  duration^  more  and  more  nebulous  matter  has  been 
reveiiledt  and  there  is  no  reason  to  suppose  that  we  have  yet  reached 
the  limit.  Illustrations  will  be  given  on  the  screen  of  8uccessiT6 
advances  in  our  knowledge  of  the  nebule  near  the  Pleiades. 

Butf  secondly,  it  seems  probable  that  there  are  nchulfe  which  wre 
not  shining  at  all,  and  of  which  we  can  only  get  eiidence  from  their 
BCreeniug  or  obstructing  the  light  of  other  bodies.  Thns  in  the 
picture  of  the  nebula  near  I  Orionie  there  are  many  more  stars  on 
one  side  of  the  nebulous  boundary  than  on  the  other*  Do  the  stars 
really  stop  at  this  boundary  ?  or  is  it  not  much  more  likely  that  lh& 
nebula  here  changes  in  character  and  becomes  more  obBtrnctive  to 
the  light  of  stars  beyond  ? 

Again,  there  are  dark  patches  of  the  sky  appftrently  devoid  of 
itara.  The  firet  thought  that  occurs  to  us  in  seeing  one  of  them  is 
that  it  is  a  black  hole — cin  Loch  m  Hmmelj  as  Hersobel  said.  But 
can  it  really  be  a  gigantic  tunnel  piercing  the  whole  universe  and 
pointed  directly  towards  us  ?  Both  these  conditions  are  neoessary 
for  this  explanatioD.  A  much  simpler  idea  is  that  there  in  SGiad 
ohfltrncting  body — which  we  may  call  a  dark  nebula — compamtively 
near  ns,  hiding  the  light  from  stare  beyond.  Thus  the  idea  of  dart 
uebuliB  was  already  in  the  minds  of  astronomers  before  the  discovery 
of  Nova  Persei  in  Fobrtiory  100 1»  and  wo  have  now  to  notice  • 
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lemarkablo  a^lm  of  pbotographe  wbicli  m&toriaUy  streugtbea  tlto 
case  for  tho  etisfconoo  of  siach  objocte, 

No¥a  Persei,  like  all  new  stars,  rose  U>  nmximom  brigbtneas  verj 
BtiddoQly  and  then  faded  away,  Tbe  point  wbich  cbiefly  concerna 
Of!  IB  that  the  star  was  only  very  bright,  i.e.  brighter  than  the  Becond 
magnitude,  for  about  a  week.  It  remained  viaibLo  to  the  naked  eye 
for  about  two  months,  aud  there  was  a  Bocoudjiry  oQtburBt  on. 
March  26,  but  it  i»  to  the  £rst  week  duriug  which  the  star  was 
oonapicuoTisly  bright  that  I  wish  to  direct  your  attention,  for  this 
mftt  euddeu  flare  had  Important  oon^qnencea  later  in  the  star's 
Eistory* 

About  aix  months  after  this  flare^  when  the  star  hod  faded  and 
became  LDTisible  to  the  naked  eye,  photographs  taken  of  it  with 
powerful  instruments  ebowod  that  it  was  surrounded  by  a  nebula. 
Ai  Bucoeesive  pictures  were  taken  it  was  eoeti  that  this  nebiUa  waa 
rapidly  eipauding  in  all  directions,  and  the  thought  euggested  was 
that  of  a  great  explosion  drivingf ragmen ti  outwards  from  the  centre. 
In  comparing  the  phenomenon  with  any  terrestrial  ciploeian,  let  us 
■ay  that  of  a  rocket  in  mid  air,  allowance  must  of  course  be  made  for 
great  difierenoes  of  space  and  time.  The  fiery  sparks  from  a  rocket 
are  scattered  a  few  yards  only  within  a  second  or  two  j  the  fragments 
of  NoTa  Pertei  were  being  projected  far  millions  of  miles  and  tho 
time  waa  montha  instead  of  seconds*  How  many  milliouB  of  miles 
we  oould  not  tell  until  we  knew  the  distance  from  which  we  were 
Tie  wing  this  magnificent  explosion ;  and  it  presently  became  clear, 
by  the  method  of  parallax,  that  the  star  must  be  at  least  10  biUionn 
of  miles  away,  and  might  be  at  any  greater  distaoca.  Thence  it  could 
be  readily  inferred  that  the  velocity  of  the  fragments  must  be  at 
ki£t  lOjOOO  miles  per  second,  and  might  have  any  value  greater 
than  this. 

Now,  although  sucli  a  speed  is  too  greatf  according  to  our 
experience,  for  material  bodies,  there  is  a  well-known  speed  which  is 
greater  still— -the  velocity  of  light,  which  ia  nearly  200^000  miles 
per  second.  There  was  no  reason  whatever,  why  Nova  Fersei  should 
BOt  be  200  billioa  miles  away  from  ii%  in  which  cage  the  observed 
velocity  of  expansion  would  be  that  of  light  ^  and  now  a  new  inter- 
pretation of  the  facts  was  suggested,  which  perhaps  an  analogy  from 
our  Aolar  system  will  help  to  elucidate. 

The  planets  which  circle  round  the  Sun  do  not  shine  with  light 
of  their  own,  but  with  light  received  from  tho  San  and  merely 
reflected  by  them ;  and  the  distances  of  the  planets  from  the  Sun  are 
ttich  that  lightj  although  travelling  with  enormous  speed,  takes  an 
appreciable  time  to  roach  them.  Thus  tho  light  we  receive  on  the 
£ulli  takes  eight  minutes  to  reach  us,  and  the  light  reoeived  by 
Saturn,  which  is  ten  times  as  far  away  as  we  are,  takes  80  minutes. 
If  the  Sun  were  suddenly  put  out  we  should  not  know  it  for  eiglit 
minuies^  siDce  we  sbonld  still  receive  light  during  that  time  which 
h^d  started  on  its  journey  before  the  ex ti action  ;  and  Saturn  wonld 
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feoeivQ  light  for  80  minntes,  so  that  we  aboiild  still  em  Satnm 
BMning  with  reflected  euulight  for  more  than  an  hour  after  the  Snn 
h&d  gone  oat.  If  the  Sim  were  suddenly  set  ablaze  again,  we  should 
be  illuminiited  eight  minutes  afterwards,  but  it  would  b^  mof^  thau 
ftQ  hour  before  we  saw  Saturn. 

Now  suppose  that  we  were  at  a  great  distance  from  the  sohir 
ajstem,  in  a  diroctiou  perpondicular  to  the  planes  of  the  planetary 
orbifce,  and  that  the  Sun,  orlgiiially  dark,  were  to  flamo  up  suddenly 
to  great  brightness  for  one  minute  only,  as  Nova  Persei  aid«  Then 
ftfler  eight  minutes  we  should  soe  a  speck  of  light  appear  where  the 
Earth  happened  to  be,  or  if  there  were,  instead  of  a  single  Earth,  a 


I 


number  of  small  earths  scattered  round  its  orbit,  wa  should  w&&  a  ring 
of  light  instead  of  a  speck  ;  and  the  illuminated  ring  would  last  jogt 
one  tuiiiute  and  then  disappear.  After  80  minutes  wo  should  «M 
Saturn  as  a  speck  of  light,  or  again  if  we  suppose  him  spread  round 
his  otbitj  we  should  see  this  wider  ring.  If  there  were  enough 
intermediate  planets  the  appearance  would  be  that  of  a  continually 
expanding  ring  of  light,  similar  to  the  expanding  ripple  when  a  stone 
ia  thrown  into  water.  It  is  not  the  water  which  expands,  hot  the 
wave  motion,  and  so  it  ia  not,  in  the  case  of  l^oTa  Persei,  actual 
matter  which  is  exploded  outwards,  but  illuminaiion  which  lights  up 
SQCceesiTely  matter  whioh  was  already  there.     The  auppoaltion  is 
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Uukl  &U  round  Nora  PorBoi  there  w  one  of  thoao  dark  Debuloe  of  which 
we  bftve  spoken,  and  that  the  brilliaot  illnminatiou  of  the  Btar  is  the 
first  week  in  euccassiTely  lighting  up  for  oar  inspectioa  tha  parts  of 
thia  nebula  ftirther  and  further  from  the  centra. 

There  are  eome  difficulties  about  thia  explanation  which  I  do  not 
to  under-estiinate,  though  I  think  they  may  be  smoothed  awaj. 
Some  astronomers,  for  instance,  feel  it  to  be  a  difficulty  that  in  the 
actual €806  of  l^'ova  Persoi  the  expansion  is  at  many  points  decidedly 
nai  outwards  from  the  eentre.  But  a  Httle  further  consideration  of 
our  analogy  will  show  that  we  must  not  expect  this  symmetrical 
eipansion.  We  ha^e  previoualy  supposed  the  solar  system  to  be 
viewed  from  above,  but  let  us  now  shift  our  imaginary  viaw  point  to 
a  position  in  the  plane  of  the  orbits.  It  is  eaey  to  see  that  Saturn 
may  now  appear  either  (1)  on  the  side  of  the  earth  remote  from  tli« 
fcJun^  or  (9)  between  the  Sun  and  the  Earth,  In  the  former  ease  the 
illumination  which  reaches  the  Earth  before  Saturn  will  appear  to 
ba  travelling  in  the  normal  direction  outwards,  but  in  the  latter  case 
it  will  actually  appear  to  travel  inwards^  exactly  contrary  to  expecta^ 
lion.  And  it  is  easy  to  see  that,  by  choosing  our  view  point,  we  could 
obtain  any  anomaly  in  the  perspective  view,  so  that  such  anomalies 
in  the  case  of  the  illumination  of  a  vast  i^egular  nebula  need  not 
trouble  ua, 

€^  the  other  hand  this  explanation  of  the  phenomena  has  received 
daring  the  last  few  weeks  a  remarkable  condrmation.  If  the  light 
we  are  now  receiving  form  the  nebula  is  the  light  of  the  original 
flare  of  the  star,  we  ought  to  be  able  to  identify  it  by  its  colour,  or 
by  its  Fpectrum  which  is  a  glorified  name  for  colour.  If,  for  ingtouce, 
Nova  Peraei  had  fiared  up  with  a  fierce  red  light  whioh  afterward i 
turned  to  green«  and  the  nebula  were  to  shine  with  a  green  light,  we 
oould  not  entertain  the  view  that  the  nebula  owed  its  illumination 
to  the  original  red  flare :  on  the  other  hand,  a  red  light  from  the 
nebola  would  so  fer  confinn  that  view  of  its  origin.  Now  substitut- 
ing for  the  terms  red  and  green  two  varieties  of  spectrum,  this  has 
bniQ  found  to  be  the  case :  the  spectrum  of  the  nebula  agrees  with 
the  spectrum  of  the  star  at  the  outburst,  and  not  with  its  subsequent 
ipactrum. 

This  result  is  easily  stated,  but  its  attainment  represents  a  truly 
laarvelloas  achievement  in  astronomical  photography.  The  light  of 
the  nebula  round  Nova  Persei  is  so  faint  that  an  ejrpoeore  of  some 
hours  is  necessary  to  phote graph  it  at  all,  even  with  a  powerful 
telescope  which  would  take  a  picture  of  the  moon  in  the  hundredth 
of  m  aecond.  To  get  the  spectrum,  each  point  of  light  must  bo 
•prettd  out  into  a  lino,  which  dilutes  the  already  faint  illumination 
very  eoniiderahly,  and  uo  one  could  be  blamed  for  regarding  such  an 
eolerpriae  as  hopeless.  But  at  the  Lick  Observatory  they  have 
ktfDt  by  a  long  seriei  of  successes  to  despair  of  nothing.  With  the 
htt^  of  his  brother  BstronomerB,  Mr.  Perrtne  devised  a  special  instru- 

tl  for  the  undertaking  which  would  give  him  tho  best  possible 
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chance,  and  embarked  on  an  e^tposnre  of  36  hours.  Think  of  all 
that  ifl  implied !  8iioh  an  erpostii^  mtiat  of  cohi'Sq  be  spread  over 
several  nigbtg.  After  guiding  the  teleacope  with  minute  care  for 
9  long  hours  on  one  night  and  clDsing  np  the  plate  <^trefally  before 
approaching  dawn  could  impress  it  in  the  fata  test  degree,  the  astro- 
nomer cannot  yet  have  the  satisfaction  of  developing  the  plate  aud 
the  relief  of  knowing  that  it  is  suocessful :  he  must  return  to  hiB 
vigil  on  the  next  fine  night  and  to  his  self-denial  on  its  morrow ; 
and  BO  on  for  several  mghts,  Mr.  Petri  ne  was  at  work  altogether 
on  four^  and  onlj  after  all  this  labour  and  suspense  did  he  in  the 
dark-room-^ 

**...,  dare  to  pat  it  to  the  tonoh 

To  win  or  lose  it  alL" 

for  it  was  quite  poBsible,  of  eonrBe,  that  there  would  be  nothing  on 
the  plate  Ed'ter  all,  if  the  brightness  of  the  nebula  had  been  ovei^ 
estimated.  How  many  men  are  there  qualified  by  an  equal  eiperi* 
enco  to  appreciate  Mr.  Ferrine's  anxiety  while  that  plate  was  being 
developed  ?  or  his  joy  when  it  proved  successful  uid  a  new  fact  was 
given  to  the  world  ? 

Turning  now  to  the  spectrum  of  the  new  star  itself,  we  have 
learnt  to  ask  by  the  spectroscope  two  questions :  firstly,  what  is  the 
source  of  light  made  of;  and  secondly,  how  quickly  Is  it  approaching 
ns  or  receding  from  us  ? 

There  are  two  sets  of  similar  lines  side  by  side  in  the  Bpcotfinn  of 
nsw  stars,  one  set  bright,  the  other  dark ;  indicating  firstly  a  m^se 
of  hot  hydrogen  (for  inetance)  itself  shining ;  and  secondly  a  mass  of 
cooler  hydrogen  in  front  of  a  source  of  light,  forming  dark  lines 
by  absorption.  From  the  relative  position  of  the  lines  it  would 
appear  that  the  cool  hydrogen  is  approaching  us  very  rapidly — 
something  like  IQOO  miles  a  second  faster  than  the  hoi  And  this 
Buggeets  an  explosion  of  some  kind.  We  must  not  be  aJftrmed  by 
the  magnitude  of  the  velocity,  nor  even  by  its  persistence,  for  Nova 
perse i  is  so  far  away,  that  even  a  yelocity  of  lODO  miles  per  seoond 
continued  for  six  months  will  look  quite  small :  it  would  not  suffice 
to  carry  a  particle  outside  the  patch  which  the  star  makes  on  a 
photographic  plate. 

Giving  free  scope  to  the  possibilities  as  regardla  the  scale  of 
these  magnificent  phenomena,  I  will  venture  to  collect  the  main  &cts 
enumerated  in  a  single  hypothesis  for  the  origin  of  a  new  star  ;  and 
I  will  ask  my  audience  kindly  to  remember  that  the  case  is  not  yet 
considered  ripe  for  judgment 

Far  away  from  us— so  far  away  that  the  winged-messenger  Light 
only  bring  us  news  of  the  occurrence  centaries  afterwards — a  star 
wandering  through  space,  outers  a  vast  "  dark  nebula."  The  friction 
of  the  encounter  raises  the  temperature  of  the  star  enormously 
within  a  day  or  two,  just  as  a  meteor,  on  entering  our  tenuous  upper 
atmosphere  is  sot  abUze  in  a  second  or  two.    The  bydrogen  atid 
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helium  and  other  gases  nvhioh  had  been  absorbed  in  the  star,  on  this 
aoeefision  of  temperatare,  are  blown  out  of  it  in  all  directions  with 
ft  velocity  of  1000  or  2000  miles  per  second.  The  supply  of  them 
within  the  star  is  sufficient  to  keep  np  this  eruption  for  months ;  and 
tho  velocity  of  the  outer  layers  of  gas,  which  might  tend  to  suffer 
diminutioD  from  expaTision  or  gravitational  attraction,  is  maintained 
by  the  presAure  of  the  new  gm  just  issuing  from  withiD^  until  a  huge 
Tolmne  of  gas  is  produced  which  never theleea  at  that  immense  dis- 
tance would  only  subtend  a  few  seconds  of  arc  to  our  view.  The 
«mption  is  moreover  so  violent  that  it  rapidly  dispereea  the  wholo 
materialB  of  the  star,  the  light  dies  down,  and  the  mass  of  gas  is  left 
in  that  condition,  not  yet  precisely  nndcretood,  which  w©  call  a 
planetary  nebula.  To  this  must  be  added  that  the  fierce  light  of  the 
original  ontburst  in  some  way  illuminates  the  vast  dark  nebula 
which  caused  the  catastrophe.  Of  the  explauation  thus  sketched  it 
may  I  think  be  said  that  there  is  no  fact  known  as  yet  which  lA 
elearly  irraconcilable  with  it.  I  cannot  defeud  it  in  detail  here  for 
lack  of  timCf  and  can  only  refer  to  one  or  two  points  of  the  general 
question  which  have  not  yet  been  noticed. 

Firstly  no  special  peculiarity  has  been  assigned  to  the  star  whiob, 
wandering  through  spaoe,  meets  the  dark  nebula  ;  and  the  evidence 
ooUected  both  positively  and  negatively  supports  the  view  that  the 
ster  m^j  be  jast  an  ordinary  star  like  the  vast  majority  of  those  wo 
know,  including  our  own  sun.  When  Nova  Perstji  first  blazod  up, 
aud  before  it  exploded^  its  spectrum  was  just  that  of  an  ordinary  star. 

The  name  '*  new  star  *'  auggests  that  there  was  nothing  seen  in 
the  place  before,  and  this  is  generally  true,  but  it  only  means  that 
there  was  nothing  bright  enough  to  attract  attention.  Prior  to  the 
laat  10  years  there  were  no  maps  of  stars  fuinter  than  those  of  magni- 
tude 9 J  ;  00  that  all  that  could  be  said  of  the  previous  history  of  a 
*'n6w  Atar'"  was  that  it  must  have  been  at  least  of  tho  tenth  magni- 
tude. But  it  may  have  been  precisely  similar  to  onr  sun  nevertheless. 
I  drew  your  attention  specially  to  the  eyideuce  that  new  stars  were 
at  a  great  distance,  tsay  100  times  or  even  1000  times  the  distance  of 
8ifina,  A  tenth  magnitude  star  brought  from  100  times  tho  diBtanco 
of  Sarins  and  placed  alongside  him  would  not  be  much  inferior  in 
bnghtnesa,  and  if  the  distance  were  1000  times  as  great  would  far 
outshine  bim. 

Baoenily  we  have  loamt  a  little  more  of  the  poflBibilities  of  prior 
tdstenoe  from  the  magnificcut  records  accumulated  at  Harvard  ;  but 
•veil  these  only  take  us  to  mn,guitude  twelve  or  thirteeu.  Nova 
Faraei  may  have  been  shining  before  the  outburst  in  1901  as  a  star 
of  the  fourteenth  magnitude  and  no  one  would  bavo  known  it ;  in 
wbieh  dMG^  if  it  bad  been  brought  up  alongside  Birius^  it  would 
have  been  easily  visible  to  the  naked  eye.  We  must  make  our 
furvoyB  far  more  exhaustive  before  wo  can  say  with  auy  certainty 
that  the  botlies  which  blaze  up  as  new  stars  wore  previously  **  dark/' 
«r  infmor  in  iutrinsic  lustre  to  other  stars.     In  one  case,  that  of 
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T  Coroni&f  the  etaf  was  indtied  previouel^r  known  as  an  ordmaiy  bUt, 

In  ihm  connection,  our  recent  discovery  at  Oxford  ie  of  special  in- 
tereit*  By  great  good  fortune,  it  appeared  in  a  rogion  of  whicli 
pre¥ioii9  records  ware  eieeption&llj  good,  for  botli  Dr.  Max  Wolf  at 
Heidelberg,  and  Mr.  P&rkhurst  at  tbe  Yerkes  Observatory,  bad  taken 
photogTapbfi  of  tbe  region  within  a  month  before  the  outburst,  fibowing 
Tery  faint  stars,  to  the  fifteenth  or  sixteenth  magnitude ;  and  a  very 
faint  object  was  &een  to  be  in  or  near  the  position  ^baeqneutty 
ooonpied  by  the  Nom.  With  great  kindness,  Dr,  Max  Wolf  im- 
mediately sent  to  na  copies  of  his  photograph  of  February  16,  and 
we  measured  at  Oxford  with  every  care  the  positions  of  the  Nova 
and  the  star  suspected  to  be  identical  with  it  Our  verdict  is  that 
the  positions  are  not  identical,  but  that  there  is  a  difference  of  tome 
seconds  of  arc.  The  photo  graphic  images  are,  however,  natber  in- 
deEnite,  and  this  judgment  may  be  reversod  on  appeal  to  Mr,  Park- 
hurst' e  plate,  which  we  have  not  yet  seen.  In  any  ca^e,  the  existence 
of  these  two  plates  will  carry  the  inquiry  ad  to  the  previous  history  of 
No  vie  one  step  forward,  and  our  Oxford  discovery  will  have  made  its 
contribution  to  thin  deportment  of  astronomy, 

A  second  point  worthy  of  notice  is  that  all  the  new  stars  hitherto 
discovered  lie  in  or  near  the  Milky  Way,  So  many  facts  concern ing 
the  distribution  of  tbe  stars  group  tbemselves  about  the  Milky  Way 
that  we  must  regard  this  wonderful  belt  as  of  fundamental  importance 
in  the  structure  of  the  visible  univerB©.  There  is,  for  instance,  another 
class  of  stars  only  found  near  the  Milky  Way,  eaUed  Wolf-Eayet 
stars ;  and  it  is  characteristic  of  the  Harvard  Observatory  that  nearly 
all  of  these  objects  have  been  discovered  there  by  the  examination 
of  pbotographic  plates.  We  have  not  time  for  more  than  a  glance 
at  the  possibilities  here  opened  up ;  but  a  mere  glance  is  sufficient 
to  indicate  tbe  important  part  played  by  these  objects  in  the  history 
of  our  stellar  eystem.  It  is  not  too  much  to  say  that  tbey  may  be  the 
key  which  will  unlock  tbe  approaches  to  storee  of  knowledge  hitherto 
undreamt  of* 

And  it  follows  that  we  must  pay  much  more  attention  to  the 
discovery  of  new  stars  in  tbe  future.  It  is  practically  certain  that 
those  hitherto  discovered  are  only  a  few  cases,  and  probably  extreme 
cases,  of  Clients  which  are  constantly  happening  in  lesser  degrees. 
U'be  Harvard  eystomatic  search  has  produced  about  one  new  star 
per  year,  and  we  have  every  reason  to  believe  this  is  only  a  ^"action 
of  the  truth.  Accepting  it,  however,  as  the  whole  truth,  then  during 
the  millions  of  years  which  pbysioists,  biologists  and  geologists 
concur  in  demanding  for  tbe  past  of  our  solar  system,  there  must 
have  been  millions  of  such  occurrences*  If  we  are  right  in  thinkiug 
that  the  subjecta  of  such  disturbances  are  ordinary  stars  like  our  Sntj^ 
may  it  not  be  that  many  of  tJie  stars  we  see  have  nndergone  one  or 
more  vicissitudes  ?  May  not  our  snn  himself  have  been  a  ^'  new  star  ** 
at  least  once  ?  The  accession  of  heat  cannot  have  been  so  great  as  in 
the  case  of  Nova  Persei  for  instance,  or  we  should  bave  been  blown 
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into  gas  again,  bat  a  moderaie  aocassion*  from  a  siuiil&T  canfie^  does 
not  eeem  improbable.  Geologists  bave  long  beea  aBking  for  soma 
aoob  htemh  of  contiiimty  to  explain  tbo  Glacial  period  and  other 
obnrved  facts.  There  is  geological  evideoce  to  support  for  instanee 
Baeb  a  view  as  follows :  that  the  Sim  bad  Bansibly  cooled,  pFodnoiBg 
a  Glacial  period  which  cohered  our  Earth  with  ice  j  that  in  some  way 
an  aooeasioti  of  heat  came  to  the  Sun ;  the  ice  w&a  melted  and 
perhapa  evaporated,  causing  a  period  of  mighty  torrents ;  since  when 
fbe  Sun  has  been  gradually  cooling  to  the  present  time.  Direct 
evidenoe  of  snob  an  occurrence  we  cannot  obtain  from  astronomy,  but 
neitbeT  can  astronomy  directly  declare  against  it :  we  must  listen  ta 
what  the  goologi^ts  have  to  say. 

Astronomers  can,  howoTor,  throw  more  light  on  the  possibilities 
by  diligently  inyestigatiug  new  and  Tariablo  stars ;  and  when  issues 
ancb  as  the  probable  past  and  the  possible  future  of  ear  solar  system 
are  bonnd  np  with  these  researches,  their  importance  mnst  be 
obnona  to  eveiyone,  1  have  little  fear  that  they  will  be  neglected, 
but  ■■  an  Englishman  I  cannot  help  feeling  a  grave  anxiety  lest  wa 
thonld  drop  out  of  this  important  work  for  want  of  material  resources, 

tfor  want  of  men  and  money,  but  especially  men* 
[H.  H.  TJ 
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8m  JaMxs  CazoHTON-BBowNE.  M,A.  LL,D,  F,B,S,,  Treaanror  and 
Vice-President,  in  the  Chair, 

Sir  Walter  Joaeph  Sendall,  G.CM.G. 
Was  elected  a  Member  of  the  Boyal  Institution. 

The  FsKssNTS  receiTed  sinoe  the  laat  Meeting  were  laid  on  the 
Uble,  and  the  thanks  of  the  Members  returned  for  the  aame,  tiz.  i — 
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dl  SdeiiKe  Moral  t,  8tx)riche,  eio«  Serle  Quinta,  Vol.  XIL  Fohc,  1,2,    Stq. 

IMS. 
iQ«fJbMly  ^mavatorjf^UiBcelhuieom  Papt^rB,  K.B,  Na  10.    gra     1903. 

Amdemy  of  AtU  and  iSetirfi«f— .proceodingi,  Vgl  XXXVllL  No.  19, 

dm  isoa 
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I^OS,]  Profi.$8&r  P.  €urk  mr  k  Badtam.  3Sd 


WEEEXY  EVENINQ  MEETING, 
Friday,  Jnn©  19,  1903. 


StB  yFxLLLLM.  OaoOEESj  F.R.S.,  HoDorarj  SecroUry  and 
Vice- President,  iu  the  Ohair. 

Frolefisor  Piee&i  Ouaib,  Faculto  des  Seieaoes  k  la  Sorbonne,  Paris. 

Ztf  Badium, 

L 

Ma,  Bkoquebel  a  diSooavert  qu  1896  que  rmunmm  et  bos  oomposSs 
^EDetie&t  Bpontoiiament  dm  radUtions  qm  preaentcut  des  analogifis 
aveo  les  Tayoas  de  H5ntgen,  Cen  rayons  nouraaa^  Imprefisioijiieiit  la 
plaque  pbolograpbiqiie  et  rendeiit  I'air  qu'ils  traTersent  conducteur 
de  lY'lectricitti.  Ces  rayons  no  eo  reflechisfient  pas,  ne  se  refractent 
pdflf  lis  peurent  trayorser  le  papier  noir  el  lee  lAinea  m^taUiques 
miaoefi.* 

Lefl  oomp06^8  dn  thannm  Imettent  des  fadrntions  analogues  et 
d'une  intonsite  oumparable;'|'  On  a  appele  rayona  de  Bccqiurrl  lei 
rayons  etms  aiDsi  spontanemeut  par  certains  corps,  et  doub  avons 
appele  smimtancea  raduhoctivet  les  substances  susceptibles  de  lee 
emettre. 

Nous  avons  deoouTert,  Mme.  Curia  et  moi,  d&s  Bubstances  radio* 
ac tires  nouTelles  qui  ne  sont  qu'a  Tetat  de  traces  dans  certain B 
tnin^nai,  maia  dont  la  radio-activite  est  trda  iotopse.  Nous  aTona 
ainat  s4par6  le  polonium ^  substance  radio-active  analogue  au  bismuth 
par  see  proprt^tes  cbimiquos,  et  le  radium  |  qui  est  un  corps  roiein  du 
laryrmu  BCr.  Debiorne  a  depuis  sopar^  ractmtum,  snbstAEce  radio- 
ietiTft  que  I'on  pent  rapproober  des  terres  rares.  § 

Ld  poloninm»  le  radium^  raGtiniuii)  6mettetit  dea  radiations  qui, 
oomme  ordre  de  grandeur,  aont  nn  million  de  (o\b  pine  intenses  que 
oclles  emises  par  rnranium  et  le  thorium.  Atcc  dee  eubstaneefl 
aDfisi  actives,  les  pbenomenes  de  la  radio- aetivi to  out  pa  Hto  etndies 
en  detail  et  un  grand  nombre  de  recherchea  ont  ^te  exeout^ee  eur  c« 

*  Bftdraervl.  C.E,  de  V$^  dm  tcicneei,  pluBteun  notes^  1896  at  1607* 
B^a^ord.  Phil  lf«g.,  1€99. 

t  Schmidt^  M  ied  Ann.,  L  65,  p»  141.     Mme,  Guru,  C.R.  da  I'flO.  des  9Dien«%t^ 

I  DeocmTtrt  dftna  tin  tr&T&il  fatt  en  tMinmaD  aveo  Mr,  BSmont. 

{  P.  ChW«  €i  Mme.  Curie,  C.R.  de  Tao.  dei  aciencen,  juillet  1898.  P.  CufU 
Mm.  VurU  M  Mr.  B/immt,  C.R,  de  Tftc.  d«  tciencof,  dec*  1898,  Ihbierm,  CB, 
de  IW.  de«  KionCfsi,  oct.  1899  et  avriJ  1900. 
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stijet  piir  divers  physiclens  danB  eee  deroi^res  anuses.  Kons  ua 
parloroue  ici  que  du  raf^tum,  ptifce  qae  none  ^omtnee  parvenna  4 
proaTer  que  ce  corps  constitue  un  tslement  nouvenu  ©t  que  nous  avons 
pu  risoler  a  TetBt  de  sel  ptu*.*  Enfin,  ce  corps  eat  celai  qui  a  et^ 
le  pins  freqaemment  utilise  dnas  les  recLerohee  de  physique  stir  les 
propriet^B  des  iubfitauces  radio-actiYGs. 

IL 

Lea  Fftyona  da  radium  uopreBsioonent  lea  plaques  pIiotogrftpliiqTiei 
en  un  tempe  eitremement  court,  L 'action  peut  e©  produire  a  travora 
un  ecnm  quelconquo.  Les  corps  eont  plus  ou  moias  transporente, 
mais  aucnn  ^cran  n^eat  absolumoiit  opaque  pour  la  rajoniiemetit  du 
radium, 

L€8  rayons  du  radiuiQ  provoqnent  la  phospborosceuoe  d'un  tres 
grand  nombre  do  corps :  eels  alcalinst  alcaliDo-terreiix,  matieres 
orgamques,  peau,  verre,  papier,  sele  d'wrane,  etc. ;  le  ditmiftiit,  le 
platmoe/anuia  de  baryum  et  le  sulfure  de  zinc  phoBphoruscent  de 
Sidot  8ont  pELTtioulieremeut  seusibLes.  Avec  le  suLfure  dc  zinc  pbos- 
pboreaccut  la  lamiuosito  pcrsiste  aesez  lougtemps  quand  on  supprime 
Tactiou  des  rayous  du  radium. 

Le  rayounement  da  radium  est  aussi  intense  quand  le  radium 
tat  plac^  dang  Tair  liquide  (a  — 180)  que  quand  ilest  a  la  teinp^-Taturo 
ambiante.  Yoici  une  experience  qui  montre  les  eSets  du  rayonne- 
ment  aux  basses  temperatures:  on  place  au  fond  d*une  eprouvctto 
en  verro  une  ampoule  contcDaDt  no  sel  de  radium  ct  un  petit  i^crau 
au  platinocyantire  de  barjum  que  le  voisinage  du  radium  rend 
lumineux.  On  plonge  ensuite  reprouvette  dans  Ymr  liquide  et  Von 
ooQBtate  que  Tecran  au  platinocyanure  de  baryum  est  an  moius  ansgi 
Inmbeux  qu'avant  l*inimerBien  (experience).  Quand  on  f^-pete 
eette  experience  ayec  un  ecran  au  eulfure  de  2ine  de  Sidut,  la 
luminoaito  de  Teeran  diminuo  fortcment  u  la  tempi^rature  de  Tair 
liquide,  mais  cette  diminution  est  due  a  la  baisse  du  pouvoir  pbo&- 
phoreBcent  du  eulfure  de  zinc  anx  basses  temperatures* 

Lea  substances  pbosphorescentes  ijont,  pen  a  peu,  alter ^66  par  une 
action  prolongee  dcs  rayons  dti  radium,  ellea  deTiennent  alors  moins 
excitables  et  sent  moins  lumineuses  sous  Taction  de  ces  rayons. 

Les  sels  de  radium  sont  spentanement  lumineux  ;  on  pent  admettrc 
qu'ils  so  roudeat  eui-tnemes  phospboresoentB  par  Taction  des  rayons 
de  Becqaerel  qu'ils  6mettent,  Le  chlorure  et  le  bromure  d©  raditnn 
anbydres  sont  les  lels  qui  donnent  la  Inminosite  la  plus  inteuso.  On 
peut  en  obtenir  d'ossez  lumineux  pour  que  la  lumaere  puisae  f^e  Yoir 
en  plein  jour.  La  lumiere  ^mise  par  les  sels  de  radium  rappeUealoi^ 
comme  teinte  celle  cmise  par  lo  rer  luisaut  (lampyre).  La  lnmiiioBit4 
des  sels  de  mdiam  diminne  ayec  lo  tomps  sans  jamais  disparaitre  CDm* 
pl^tement,  et  en  jniim&  temps  les  sels  d'^abord  incoloreB  se  ooloreutr 
en  gria,  en  jaune  on  en  Tiolek 
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Les  rayoni  du  radiam  rendeDt  V&ir  quails  trarerBont  condacteur 
de  r^tectricitei  Quaud  on  approcbe  qtielqiiea  decigramiDea  d'un  bqI 
de  radium  d*im  electroecoiie  charge,  celui-ci  ee  dec  barge  imm^diata- 
ment.  La  d^oliarge  se  prod  nit  encore,  bien  q^ue  plus  lentement, 
lorBqne  Tod  protege  I' Electroscope  par  uoe  parol  solide  epaiese.  Ld 
plomb,  le  platino  absorbent  forteinent  lea  radiations ;  ralinninima 
est  la  m^tal  lo  pins  tranapaFent^  leg  corpg  organiqaee  absorbeiit  rela- 
tiTement  pen  lea  rayons  do  B&c<|a6rel  (eiperionccg)* 

Loa  rajoHB  du  radium  roudoDt  ^galement  Mg^rement  conductoiira 
les  liqtiides  dielectriques  tels  que  Tdther  de  patrole,  le  aulfure  de 
carbone,  la  bcnziDe,  Vair  liqiiide<* 

Les  rajons  dn  radium  dans  ceiiaines  conditions  factUtent  le  passage 
de  Tetincelle  entre  deox  couducteura  places  dans  Fair.  On  pent  faire 
Texp^rienca  avac  una  bobino  d'indactian  B  (Fig,  1);  las  pfiloa  du  circuit 
j&dait  P  et  P  sont  relies  par 
Am  fib  metalliques  ^  deui 
mlcromt^tres  k  ^tinoelles  M  at 
M'  ^oign^  Van  de  Tautra  et 
o&ant  deux  chemins  diBtiucta 
^  pen  praa  equivalents  ponr 
la  paasaga  do  I'fetinoelle.  On 
tegla  les  micrometres  de  toUo 
sorta  que  les  etincolles  passeiit 
fi  pou  pTi'B  fknmi  abondamment 
^Dtre  lee  boulea  do  chacun 
d'eux,  Quaud  on  approcho  le  radium  de  Tun  des  deux  juicromdtre*, 
lee  ^fciuoallua  casaent  de  passer  i  travars  Vautro, 

Laa  rajone  les  plus  piSn^trants  semblent  6tra  las  plus  effioaoaa 
pour  la  production  do  co  ph^noraeue;  car,  en  faiaant  agir  le  radium 
m  travors  d'ttna  plaque  do  plomb  da  2  contiraetrcs  d'epaisseur, 
Tinelioti  enr  retincalla  n*est  pas  fortcment  diminu^,  alors  que  la  plus 
grande  par  tie  du  lajonnement  est  ari'etee  par  la  plaque. 
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IV. 

Lea  rayons  du  radium  n©  bo  r^fl^^bisseni  pas,  no  m  K^fractont  pas, 
rU  forme nt  un  melange  b^t^rogeue,  at  nous  las  diviserons  on  trols 
^Qpe^^  que  uotia  d^aignerous  par  les  lettros  a,  ^  ot  7  Auivant  la 
tiotatioQ  employee  par  Mr,  Eutberford. 

LVtlon  d*uii  champ  magnfitiquo  permet  de  les  distinguer:  dans 
oa  duunp  maguotique  intenaa  les  rayons  a  sont  leg^remeut  d^vi^s  da 
leoT  krajet  rectiligna  at  oela  da  la  mdme  mani^re  qua  las  **rayona 
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oananx"  dee  tubes  &  Tide,  tandis  qua  les  rayons  P  Bont  d^Ti^s  comma 
deB  rayons  cathodiqaes^  et  que  les  rayons  y  ne  sont  pas  dSvi^s  et  ee 
comportoDt  comme  des  rayona  de  Rouigen.* 

Le  raditjm  E  (Fig.  2)  est  eitne  an  fond  d'aae  petite  carite  cylia- 
drique  dans  nn  bloo  de  plomb  P.  A  Tabrt  de  toute  action  magnetic 
qde,  le  rayonoGment  s'^chappe  de  la  caTite  cylindriquo  sous  la  forme 
d'tin  pinccau  rectiligae*  Dans  nn  champ  magti^tiqiie  nniforme 
normal  »a  plan  do  la  fignte  et  dirige  vers  IWriero  de  co  plan,  les 


Fro.  2. 


luyons  p  sont  fortement  dories  rers  la  droite  et  6tii?ant  on  tnget 
circnlaire,  les  rayons  a  sont  h  peine  d^vies  vers  la  gauche^  les  rayons 

?'i  de  beauooup  les  moina  intensee,  oontinnent  a  s'eehapper  reoti- 
ignement^ 

Les  raifont  a  eont  ires  pen  penetrants.  XTne  lame  d'alnminimn 
de  qnelqoee  eenti^mcs  de  millinietre&  d'^paiBsenr  les  absorbent.  Ces 
rayons  ne  sont  que  faiblement  devies  par  les  chomps  magnetiqnes  let 
plus  intensea,  et  pour  mettre  en  ^ridence  cette  doviation  il  faut  en 
rfialit^  employer  nn  dispoaitif  pi  as  delicat  qui  celui  do  la  figure  3 
qni  n'est  qu'une  fignre  Bcbematiqne.f  On  pent  assimiler  ces  rayons 
k  des  projectiles  dont  la  masse  serai t  comparable  k  celle  des  fttomei; 

*  GieMl,  Wied.  Ann,,  2  hot.  1899.    Mefer  et  Von  Sehufeidler^  Ak&d  ABxmM. 


Wien,  3  et  &  noT.  189y.    Becquenl,  C.B„  U  detJ.  1S99,  26  Jan.  et  IB  fiv.  iM. 
P.  Curw,  C.R.,  S  jtm.  1900.     ViUard,  CM.  do  IW,  t  1^0,  p,  lOIQ.     BuUkfrford, 

PhjBik,  Zeitadi.,  15  jaq.  1903. 

t  Euthar/ordf  Phil.  Mie,  feV.  1903.    Semuerd^  C.B.  de  Tms.  dos  «eictKet, 
t.  IS6,  p  109. 
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cee  prnjectilei  seraiemt  chftrgea  d'eleetricit^  poBidve  et  se  deplaceraienl 
aveo  un©  graade  Tjtesee.  Ea  dehors  de  Tactioii  du  cLBmpa  magne- 
it  que,  Igb  lois  do  rabsorption  des  rayona  a  par  des  eomas  tr^B  zniiic«fl 
superposes  BUffimient  pour  carocte riser  oes  Fayons  et  en  faire  Ud 
gronpe  distinct.*  Ea  traTersaut  dea  €orans  Buccassifs  les  rayons  a 
deviennent  en  effet  de  moina  en  moins  peu^traEts  (tandis  que,  danfl 
lea  mSmea  conditions^  le  pouToir  p^netranl;  des  rayons  do  Hontgen  Ta 
en  ftagmentant).  II  somble  que  Ten^rgie  do  chat^ne  projectile  dnninue 
1^  k  travef&6e  de  cliaqtie  ecran. 

Les  rajoQB  a  sont  cenx  qni  aemblent  actifs  dans  la  tr^i  belle  fix^ 
p^riencc  realisce  dons  le  spiniharUcope  de  Bir  William  Crookea.  Dana 
oet  appareil  nn  fragment  tr^s  petit  d'un  sol  de  radium  (tine  fraction  dd 
milligramnie)  est  maint^nn  par  nn  fil  metallique  k  nne  faible  distance 
(I  millimetre)  d'un  £oran  an  sulfure  de  ziao  pbosphoresoent.  En 
6xamitiant  dans  robecurite  aveo  iino  loupe  la  faoe  da  T^oran  qni  est 
tamu.6e  vers  le  radium,  on  aper^oit  des  points  lumineux  pareeises 
snr  reoran  et  faisant  Monger  a  un  ei«l  Itoile ;  oes  pointa  Inmiuenx 
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Fig.  3. 


ftttptmiasent  et  diaparaiBSont  oontinuellement.  Dans  la  tbeorie  balis- 
^00,  on  pent  imaginer  quo  chaquo  point  himineux  qui  apparait 
)^iilte  dn  choo  d*un  projoctile.  On  aurait  affaire  pour  la  premiere 
foi«  A  nn  pb^nom&ne  permettant  de  diatiDgner  Taction  indiyidnelle 
d'mi  atome. 

Ltf  mffons  j9  aont  analogues  anx  rayona  oatliodiqiies.     Da  B4>nt 
fl^tids  par  le  champ  magn4tiqiid  de  la  mdme  fa^oii  que  cos  demiers  et 


*  Mmir  Oyw»  C.E.  do  Tac,  S  Jan.  1900. 
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ee  oomport6Bt  comme  dee  projectiles  charges  d'eleetricite  negatiTe  qui 
s^^cliappemieiit  da  rodiDm  avec  nne  gmndo  vitegse ;  €es  projectiles 
(electrons)  anraieot  one  masse  environ  1000  fois  pirns  petit©  que  oeile 
d'nn  atomo  d'hjdrogeae,  L*exp^rieiice  Baivante  donne  la  demonetra- 
tion  do  la  d^viatioii  magnStlqae  des  rajotid  p.  Une  ampoule  en 
verre  ronfennant  nn  sel  de  radium  B  eal  placde  a  TmiQ  des  esti-Smitee 
dVn  tube  do  plomb  k  paroia  trea  ^paisaea  A  B  (Fig^  B,  conpe  de 
rappareil).  On  place  nn  Electroscope  E  un  pen  an  del  a  de  Tantre 
extremite  dn  tube.  Le  pincoaQ  de  rajons  issns  dn  radium  et  limits 
par  le  tube  proyoqiie  la  d^cbarge  de  r<SlectroBco|>e.  Le  tube  de 
plomb  cat  sitii4  eutre  lea  branches  d'nn  electroaimant  E  E  et  oriente 
normalement  k  la  ligne  des  p6les  N  S.  Qaand  lo  conrant  circule 
dan*  le  fil  de  relectroaimant,  lea  rajons  (3  sont  rejetda  aur  lea  parois 
du  tube  de  plomb ;  iJa  ue  Goncourent  pins  ^  la  d 6 charge  do  Telectro- 
scope,  et  eette  decharge  8o  fait  lenteraent,  Quaud  le  conmut  est 
Bapprimfi  dans  I'electroaimant,  lea  rayons  jS  agisaent  enr  lelectro- 
scope  qui  se  dtfclmrgo  rapidement. 

On  pent  prouder  que  los  rayons  p  trauBporteut  de  rileotrioite 
negatiiro,  et  oe  r^anllat  ©et  en  accord  avec  rhypotbfeae  dans  laqtiello 
on  lea  coneidero  comme  des  projectilea  charges  d'olectricite.*  Oa 
pent  employer  pour  oela  le  dispositif  experimental  de  la  Fig.  4; 
le  radium  K  R  emot  doB  rayon  b  j3  ;  panm  ces  rayons  ceux  qni 
s'echappent  vers  la  partie  auperieure  traveraout  succeseivement  nne 
feuille  mince  d^alnmiuium  E  E  E  E  reliee  olectriquemeut  a  la  terra 
et  une  conche  ieolaute  do  paraffine  i  i  i  % ;  ils  sont  ensnite  abaorbea 
par  nn  bloc  do  plomb  MM  qui  est  r^uui  k  uu  electroml^tre  au 
moyen  d'nn  fil  metallique  iaole.  On  Gonetate  que  le  bloc  do  plomb 
M  ee  charge  cantinuoUement  d'eleetricite    negative,      Dana    oetto 
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experience  lea  rayon i  a  eont  abeorbea  par  la  f on! lie  dVlumimmn  ^ 
relation  avec  la  terre.  La  couch e  de  paraflBne  est  neceeeaire  fOUt 
obtenir  un  iaolement  convenable  du  bloc  de  plomb  M  M ;  eel  isolf 
ment  aerait  en  effet  tout  k  fait  d^fectueux  si  le  bloc  de  plomb  ^^^^ 
entourS  d'air  renda   ooDdticteur  par  les   rayona,  et  il  seniit  lAet^ 

*  M,  ei  Mrm.  Curie,  CM.  de  Tac  dcA  scieaodB,  B  uuu?  I£H>0. 
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ifflpoesible  dd  cotistater  a  rulectiomStro  la  olitirge  Sleolriquo  qui  ae 
degage  8tiP  le  morceau  de  plomb. 

Oq  pent  faire  IWp^rieuce  inTeree  :  I'auge  motalliqtid  A  A  (Fig.  5) 
est  eo  relation  a^eo  leloctFometre  et  contient  le  radium  B.  Le  tout 
eet  entour^  de  paraffiue  iiii  et  d'uae  onvoloppe  metalliq^ue  E  E  E  en 
fektion  €leetriqu6  a^ec  la  l;erro.     Lea  rajaua  a  tr^e  peu  pluetrants 
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-&e  pouTent  e'c^cliappor ;  les  rayona  ji  trayereeut  la  paraffino  et  em- 
portent  do  relectricite  negative^  pendant  q^ue  Tauge  metalliqae  ao 
cbiTge  positiyenieiit, 

Une  ampoule  de  verro  ^elltie  at  con  tenant  im  scl  do  radiutn  so 
cbarge  spontanement  d'c4ectricit6  com  me  une  l>outeiUe  de  Lejde, 
Bi  ail  bout  d'un  tetupe  guffisaut  on  fait  aveo  un  oouteau  a  Teire  un 
trait  8X11'  les  paroia  d&  rampoule^  il  part  une  i^tincelle  <^ai  perce  le 
Terre  en  un  point  ou  la  paroi  eet  amincio  bous  le  coutcau  ^  en  meme 
temps  Voperatour  cprou^o  une  petite  secousse  dauB  les  doigta,  par 
suite  du  passage  de  la  decbarge^ 

Le  gn)«pe  des  rayons  /3  est  conatitno  par  la  rminion  d©  rayons 
qui  diffureot  lea  aoa  doa  autres  par  leur  pouvoir  iveoetrant*  Certaiim 
rayotiB  /3  sont  absorb^a  par  une  lame  de  y  J^"^"  de  millimetre  d'cpais- 
ii6Qren  aluminium,  tandis  que  d'autres  peu¥ent  passer  en  ee  diffuaaiit 
I  travers  une  plaque  dc  plomb  de  plueieurs  millimetres  d'^^pajsseur, 
Ou  conatatu  encort^  quo  lea  rayona  p  different  lea  uue  des  autros  par 
la  courbure  de  la  ciroonference  qn'ils  dceriy£int  dans  uu  champ 
magn^tique  uniforme*  Dans  reipfirience  representee  Fig,  2,  les 
rayons  P  devi^  par  le  cbamp  maguetique  impressionnont  la  plaquo 
pbotograpbique  ABC  depuis  B  jusqu'en  C.  huB  rayons  lee  moiiis 
denee  irapresetonnont  la  plaque  dana  la  region  C,  les  rayons  les  plu« 
duties  dans  la  region  B^  Bur  la  plaque  on  aura  un  veritable  spectre 
prodnit  par  lee  rayons  plus  ou  moins  deviables  se pares  par  le  obamp 
magnetique.  En  interposant  uuo  lame  mince  de  m^tal  sur  le  trajet 
des  rayons  contre  la  plai|ue  pbotograpbtque,  on  constate  quo  les 
lajo&a  les  plus  d6ries  sont  aupprimc^a.  Les  rayons  les  plus  p^ne- 
titiiti  Bont  done  les  moins  dcvios.* 

Danslathfk^riebaliBtique  on  suppose  que  les  rayons  p  sent  formes 
par  des  eleotrons  animes  d'une  vitesee  plus  ou  moins  grande.  Les 
tiyona  les  plus  penetrants  sont  coux  dont  la  vitesse  eat  la  plus 
grande.  Iios  reehercbes  do  Eanfmann  interpr^toee  dans  la  th^orie  dcd 
electrons  (sous  la  forme  que  lui  a  donnea  iVlr.  Abraham)  conduisent 

*  Bteqturel,  C.B.  de  Tao.  dea  icioDce%  t.  130,  pp,  206,  372t  810. 
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k  dae  oonola^o&B  d'nne  graude  importotioe  g^uemle  :*  ecrtaios  rAjons 
^  Ms  penetrants  aeraient  eoixatitiiea  par  dee  Electrons  animeB  d'mia 
Ttiesae  atteignaiat  les  t^"*  de  celle  de  la  lamier6 ;  la  masse  des 
Slectrotis  6l  peni-^tre  colld  de  tone  las  corps  Berait  la  oonfiefiQODce 
do  reactions  electromagnetiqiiee  ;  Tenergie  ndceseaire  ponr  donner  a 
nn  corpa  charge  d'electricit«  nne  Titesae  de  pins  en  plua  grande 
tendzait  rem  rinfim  qnand  la  viteasa  da  corpa  tendrait  Ters  la  viteese 
de  la  lumiere. 

Les  raifons  y  non  deviables  et  analogues  anx  rayons  de  Kootgen 
ne  foment  qa'une  trca  faible  parti e  dn  rajonnement  total.  CertaiDs 
rayons  y  sont  extr^metnetit  penetrants  et  petiTent  trarerser  plnaieTirs 
oentim^trea  de  plomb. 

On  peat  ntiliser  les  rayons  de  Bec^norel  ponr  fnire  des  Kuliogra- 
pliies  sans  apparoils  epcoiaux*  Une  petite  ampoule  en  verrc  cod  tenant 
qtielqnes  centigrammes  d'un  sel  de  radium  remplace  le  talse  *h 
Crookes.  On  ntlliae  lea  rayons  p  et  y,  Les  radiographies  ainai 
obtennes  manquent  de  nettet<^  par  suite  de  la  dilTasion  des  rayons  ^ 
par  lea  corps  qu'ila  rencontrent.  On  obtient  des  radiograpbies  bien 
nettes  en  faisant  deder  lea  rayons  fi  aveo  on  electroaimant  pmssant 
et  en  u til i Bant  senlement  les  rayons  y ;  mais  lea  rayons  y  etant  pea 
intenaea^  11  fant  alors  plusiours  joors  de  poee  ponr  ODtenir  tme 
ladiograpkio. 

Les  sels  de  radium  Jogagent  coDtiDuellement  de  la  chalenr.f  Ca 
d^gagement  est  assess   fort  pour  qu'on  pnieae  le  montrer  par  miv 

experience  grossiere  faite  a  I'aid^ 
de  deux  thermom^trea  a  mercnre 
ordinaitoB.  Ou  utiliae  deux  vaaeB 
iaolabeura  tbermiques  a  vide,  iden* 
tiqnea  entr'eux  (A  et  A',  Fig.  6). 
Bans  Tun  de  ces  vases  A  on  place 
nne  ampoule  de  rcrre  a  conteuant 
7  decigrammes  de  bromnre  de 
radiumi  pur;  dans  le  denxieme 
T&se  A'  on  place  una  ampoule  de 
yerre  a\ni  oontient  une  snbatauoa 
inactiTC  quelconque^  par  example 
du  chlorure  de  baryum.  La  tern* 
l>eratur0  de  cbaqno  enoemto  est 
indiixu6e  par  an  thermometre  dost 
le  reservoir  eat  place  an  voisinage 
immediat  do  Tampoule.  L'ouver- 
ture  des  iaolateurs  est  ferm^^e  par 
DaDS  COB  conditiona  le  tbttrmometre  i  qui  se  IrouTo  dans  le 


Fjq.  6, 


da  coton. 


•  KaH/mann^  KflobticLten  d^r  k.  GcBell.  d.  Wi*B.  eu  GottiBgen,  1901j  Hcfl2j 
C*B,  de  l*ac.  dm  Briciiees,  13  cict,  1902. 

t  Curie  tt  Laborde  i\R.  do  Tttc.  doi  aciences,  16  mars  1&03. 
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mSme  v^m  que  le  rftdium,  Indiqae  coQ&tanimoiit  hdq  iompcrature 
■nperieare  de  5°  i  celle  indiqnee  par  Tftntra  thermomfetre  t\ 

On  pent  ^7aluer  la  q^uantite  de  chaleur  degagee  par  le  radiam  a 
I'aide  du  calorimefero  a  glace  de  Bua&en,  Eb  plagant  dana  ce  calori<- 
IDetre  utie  ampoule  de  verre  qui  contient  le  ael  de  radium,  on  oonstate 
im  apport  centinu  de  cbalear  qui  B'arr^te  dea  que  Toil  eloigDs  le 
Tftdium.  Lfa  mesure  faita  aveo  u»  eel  de  radium  prepare  depuia  long- 
tempa  indique  que  chaqae  gramme  de  radium  degage  environ  80  petites 
calories  pendant  cliaij^ue  bo  ore.  Le  radium  dcgage  deuo  pendant 
ehaquo  heure  uno  quaatite  de  chaleur  suffiaante  pour  fond  re  son  potds 
de  glace.  Cepeudant  le  sal  de  radium  utilise  semble  toujours  rester 
dans  le  meme  ^tat  et,  du  reste,  aiicune  reaction  oh  unique  otdioaira 
ne  ponrrait  &tre  invoquee  poor  expUquer  un  pareil  degagement  oou- 
tinn  de  cbaleur. 

On  constate  en(M>re  qu'nn  sel  de  radium  qui  vient  d'Stre  pr^pnrS 
degage  nne  quantile  do  cbaleur  relatirement  faible.  La  ohaleui- 
d^gag^e  en  uu  temps  douuu  atigmetito  enauito  oontiuuellement  ct 
tond^ora  uue  valeur  determint'e  qui  n^est  pas  eneore  tout  a  fait 
ktteinto  au  bout  d\m  mois, 

Quand  on  dies  out  dana  Veau  iin  eel  de  r&dimn  et  que  Ton 
^nfercoe  la  soltttion  dana  un  tube  Bcelle,  la  quantite  de  cbaleiir 
degagee  par  la  solulioa  est  d*abord  faiblo ;  elle  augmente  euauite  et 
tend  a  derenir  constante  au  bout  d^un  mois.  Quand  Tetat  Hmitee^t 
attaint  le  sel  de  radium  enform^  en  tube  scelle  degage  la  mome 
quantite  de  obaleur  k  Tetat  eolide  et  k  Tetat  de  dtesolution. 

On  peut  onoore  ov&lnor  la  cbaleur  dtigBg6e  par  le  radium  a 
imErsM  temperatures,  en  Tutiliaant  pour  fthire  bouillir 
liqii£fi4  et  en  meaurant  le  volume  du  gaz  qui  bo 
degage.  On  peut  faire  rexperieooe  avco  le 
ehlorure  de  metbyle  (a  -  21°).  L  eip^-rience  a  ^t6 
lute  aufi^i  par  Mr.  le  profeaseur  Dewar  et  Mr.  Curie 
aTec  Toiygeae  liquide  (A  -^  180^)  et  Vhydfoghie 

liquide    (k  —  392^).    Co  dernier    corpB  convient 

partioulierement  bien  pour  realiser  I  experience : 

ua  tube  A,  Fig«  7  (ferme  a  la  partie  iuf^rieure  et 

©atouTe  d'un  ieolateur  therm ique  a  vide  de  Dewar), 

contient  nn  pen  d'hydrogt^ne  liquide  H ;  un  tubo 

de  degagemout    t  i   per  met  do  rocuoillir  le   gA% 

dias  une  eprouvetto  gradueo  E  remplie  d  eau.     Le 

lube  A  et  son  isolateur  plongent  tons  deux  dans  un 

bain  dliydrogSne  liquide  H\     Dane  cos  condition  a 

■UGUn  degagement  ga^eux  no  ae  produit  dans  le  tube  A*     Loreque 

Too  place  une  ampoule  a  contenant  7  decigrammes  de  bromuro  d« 

radium  dana   Thydrogene    du    tube    A,    il  ae  fait  un   d^^gageroent 

coQtinu  de  gaz  bydrog^uoi  et  Ton  recneille  73  centimetres  cubeB  du 

gaz  par  minute. 
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VT. 

Les  rAyoiiB  du  rfidimm  proToqaemt  diversea  ftctions  cHmiqoes. 
Hi  ftgies60t  sur  las  aubfitances  emplofeoa  en  photographia  da  l^  jneme 
fft^on  qua  la  Itimidre,  Ila  colorant  le  Terra  en  violet  oa  en  bmn,  !e« 
eels  alcftUna  en  jatme,  en  Tiolat,  an  blatt  ou  en  vert*  Soue  lenr  action 
la  paraffina^  le  papier,  la  celluloid  jaunisBentf  le  papier  davieiit  cassant, 
le  phoapliore  ordinaire  Be  transformo  en  pbosphoTe  rouge.  D'tine 
maniure  ganarale^  les  corpB  qui  so3:it  pbosphorasoantB  sond  Taction 
das  rojons  da  radium,  Bubiseaut  una  transformation,  at  en  mi3me 
temps  loiir  pouvoir  pbospborencent  tend  k  diBparaitre.  Enfin,  dana 
la  voieinags  das  Bels  de  radium  on  peut  eonjg later  dans  Tair  la  pro- 
dootion  d'ozon©. 

vn. 

Lea  rayons  dn  radinm  provoquent  diverflce  acttons  plijsif>logiqti6€, 

Uq  eel  de  radium,  eitue  dans  una  boite  opaqae  en  carton  on  en  mCH^lf 
ftgit  oepandatit  sur  rceil  at  dunne  une  sensation  da  lumiore.  Pour 
obtanir  ce  rosultat  on  pent  placer  la  buite  contenant  le  radium  da  rant 
Toeil  fermc  ou  contre  la  tempe.  Dana  ces  eipariencee  lea  miliaux  de 
Tceil  deTiannent  lutDinoujt  par  phospliorascanoa  aous  riuflnenca  das 
rayons  du  radium  et  la  lumi6re  qua  Ton  apar^oit  a  sa  source  dans 
Toeil  lui-mdma** 

Les  rayons  du  radium  agisaant  sur  r^pidarme ;  si  on  tient  pen- 
dant quclqnas  minutes  una  ampoule  contenant  du  radium  sur  la  peaa, 
on  n'aprouTe  aucuna  sansatLon  particuliere,  m&iB^  15  ^  20  joors  aprds, 
il  se  produit  sur  la  peau  une  rongeur,  puis  una  esabarre  dans  la 
region  ou  a  eta  appliquaa  ramponla ;  ei  Taction  du  radium  a  6te 
assez  loiigue»  il  se  forma  enBuita  una  plaio  qui  pant  mattro  pluaienrs 
mois  ^  gu^ri'r.  L'action  des  rayons  du  radium  sur  T6pidenne  est 
analogue  k  calle  produite  par  lea  rayons  da  Eontgan,  On  essay  a 
actuellamaut  d  utiUsar  catta  action  dans  la  tz^itemant  das  lopos  at 
des  cancars^t 

Las  rayons  du  radium  agiBsant  encore  snr  las  centres  oerreni  at 
dltermineDt  alora  dee  paralysies  at  k  mort  lis  samblcnt  anssi  agir 
d'nne  fa^on  particuliSramefit  intense  sur  las  tissus  Ti?ants  an  Toie 
d*evoliition4 

Yin. 

Lorsque  Ton  place  un  corps  solide  qiieloonque  dans  te  Toisiiuiga 
d*un  sal  de  radium,  on  constate  qua  oo  corps  acquiort  las  prnpriebis 
radian tes  du   radium;    il  daviaut  radio-aotif.      Cette  radio-iiciimU 

*  Gietdj  NaturrDrscherverBaiimituDg  Miiucben,  1899.  Himvtedt  ei  JViumL  Asa. 
der  Phyaik,  t.  4,  1901. 

t  Wtilkhqf,  Phot.  RnndBchau,  oct  l&OO.  Oittd,  Bericlito  d.  deulsob.  eheaiu 
GeteU.,  t  ^3.     BecqwTcl  et  CuHe,  Q,K  de  i'lic,,  t.  ISB,  p.  1289. 

t  JJany^f,  CMt.  dc  Tt^c.  (led  acioueea,  10  fev.  1903.  0.  Bolm,  C«B.  de  Vac  dfli 
idfluoeB,  27  avrit  1DU3. 
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mduite  poTsiste  enoore  nn  certata  temps  qtmnd  on  ^loigne  le  corps  d'l 
raditini,  oependant  elle  s'affaiblil  pFogri^asivomont,  elk  dintintie  dd 
moitie  enTiron  pendant  choque  demi-benra  et  finit  par  g'eteindra* 

C©  pbeoom^ae  ee  prod  ait  d'une  fa^ou  rognlifere  el  particuliSrement 
inteoge  ei  Ton  enferme  les  corps  aveo  un  sel  de  radiaiB  d&oiB  ttoa 
enceinto  close,  II  j  a  anasi  graDd  avantage  k  placer  dans  renceinto 
une  solution  d'tm  sol  de  Mdiam  platot  que  le  sel  solide,* 

Una  solution  d'an  sel  de  radium  est  situ^o  en  A,  Fig.  S,  dans  un 
rterroir  on  verre  qui  commuuique  par  les  tnbes  I  et  t^  aveo  doux 
aiitree  feservoira  en  verre  remplU  d'air  B  et  0. 
On  constate  que  les  parols  des  r^erroirs  B  et  C  sont 
radioactifsj  ils  ^ettent  des  rayons  de  Becquerol 
analogues  a  ceux  ^mis  d  ordinaire  par  lo  radium 
lui-m^me,  tandis  que,  au  contraiie,  la  solution  du  eel 
de  rndinm  6met  tr^s  pou  do  rajons,  la  rodio-octivite 
eat  eo  qualqne  sorte  ezt^riorieee. 

Ires  pbenomenes  qui  rienuent  d'etre  deerits  ee 
produisoat  au^ei  bien  dans  tm  autre  gaz  que  Tair 
et  ocla  quelle  que  aoit  la  preeslon  du  ga^*  La 
mLio-activite  se  communique  de  procbe  en  procbo 
par  UQO  &orte  de  conduction  a  tracers  los  gaz  ;  elle 
pent  meme  se  propager  d'un  reservoir  a  uu  autre 
par  nn  tube  capillaiie.  Le  gaz  qui  a  sejoumd  prea 
du  radium  a  done  acquis  la  propriete  de  rendre  les 
oorpfi  solides  radio-actifs,  lo  gas  lui-m£'mo  est  du  reste  radio-actif 
mois  il  n'emet  que  dea  rayons  tr^s  pen  p^uetrants.  (Les  rayons  emis 
par  le  gaz  ne  peuvent  pas  trayersor  Ics  paroia  d'uue  reaerroir  en 
▼erre*)  Lorsque  le  gaz  ainsi  modifie  est  entrain^  loin  du  rotlium,  il 
©oaaerve  asaez  longtemps  ses  proprietds ;  il  continue  a  emettr©  dea 
njons  de  Eeoquerel  trig  pen  penetrants  et  h  proToquer  la  rodio- 
ftctiTite  des  corps  solidos.  Bon  octiTitd  d  ce  double  point  de  yue 
ditninne  oependant  de  moitio  pendant  ohaquo  p6riode  de  quaire  jours 
et  fintt  par  s'^toindre, 

Mr.  Rutberford  suppose  que  le  radium  degage  conslamment  uno 
nlwtance  gasenae  radio-active  qui  so  ropaud  dans  I'eapace  et  pro- 
Toqno  les  ph^nomeuee  de  la  radio-activity  induite.  II  donne  a  cette 
substance  bypotbi^tique  le  nom  d^imanation  du  radium  et  ponse  qu*ellQ 
•e  troUTe  h  T^tat  de  melange  dans  les  gaz  qui  ont  fiejonme  daua 
lo  Toisinage  du  radium.  Sans  admettre  neceeeairement  la  nature 
mftt^rielle  de  TemaiiatioD,  on  pent  employer  cette  expression  pour 
d^gner  Tenergie  radio-activo  do  forme  speoiale  emmagosinoe  dans 

WgM^t 

L'oir  oborg^  d'emanation  proYoque  la  pbosphoresoeno©  des  corps 

•  Mr.  et  Mma,  Curie,  C.E.  do  I'ftc,  dea  Bcienc^  6  hot.  1899,  OarU  «l 
lHafeimM,  C  R.  de  I'uc  dea  acienCM,  4  mars  ISOlt  2i»  juillot  1901,  25  m&ra  l&Ol- 

t  BtUher/ard.  Phil  Mag,,  1900,  1001,  1902,  pluBieura  tn^raoirea.  Dom,  Abh. 
N*taffrBbge<eL  Halle,  juia  1900.  P.  Curies  CM.  de  I'ftO.  dea  ioicnoeBj  17  uov. 
1802,  26  JUL  1903. 
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qui  Be  iroiiTetit  en  fl&  presence ;  la  Terre  (pitm  patiic allurement  lo     | 
▼errode  Thuringe)  doimo  line  belle  phosphorescence  blanch©  ou  Terte. 
Le  Bulfufe  de    zme   de   Sidot    devient  exce^ivement  brillaiit  Boni 
I'aotion  de  TemanBtion.*     On  pent  faire  Texpenence  arec  rappareil 
repr£flente  Fig,  S,    Le  robiQet  R  etant  ferme  i'emauatiou  radio-actiTo 
qui  se  di^gnge  de  la  eotution  de  sel  de  rftdinm  en  A  se  repand  datis 
Tair   an-doasua   de   la   solution.      Lorsqne    remauation    e'eet   ainsi 
accumnlee  en  A  pendant  qaelqnes  jours,  on  fiiifc  le  vide  dane  lea     I 
reserroirs  B  et  G,  dont  les  parois  iniennnres  sont  enduitea  de  snlfnre     ■ 
de  zino  phasphoresoent.    On  ferme  ensnite  le  robinet  B",  et  ctn  onvre 
le  robinet  E.    L'air  cbBrge  d'^manation  est  alore  aepire  bmsquement      - 
dans  les  reeerroira  B  et  C  qui  deviennent  ausaitdt  luminens*  I 

L^emanation  dn  radium  se  eomporte  comme  un  gaz  k  bien  dea      " 
poinla  de  Tue :  elle  ae  partag©  comme  on  gaa  entre  deax  reeerroirB 
qui  fjommnniqnent  entre  eux.       Elle  se  disuse  dans  Tair  emvant  la 
loi  de  diffusion  des  ga£  ot  poesede  un  coefficient  de  diffusion  Toisiu 
de  celui  de  IWido  carbouique  dans  Tairf 

Mrs.  Botherford  et  Sodd^  ont  decouvert  que  TS sanation  a  la 
propriete  de  se  condenser  k  la  teraperatare  de  Tair  liqiiide.J  On 
peut  montrei*  les  effets  de  oette  condt^n  nation  on  faisaut  en  core  usage 
de  Vappareil  represente  Fig.  8.  Le  robinet  B"  etant  form 6  et 
Temanatiou  etant  repandue  dans  tout  I'appareil  comme  a  la  fin  di» 
reiperience  precedemment  decrite,  lee  reservoirs  B  et  O  fcouTerlB 
iuterieurement  d*une  oonohe  do  eulfiire  de  zino  de  Sidot)  ^ni 
luminetix*  On  ferme  alors  le  robinet  B  et  on  plonge  le  r^serroir  C 
dans  Tair  Uquida  An  boot  d'ane  demi-houre,  on  constate  que  k 
r^serToir  B  a  perdu  toute  sa  luminoaite,  tandis  que  le  reserroir  C 
eat  encore  lumineux,  L 'emanation  a  en  effet  qnitto  le  i^^t^erToir  B  el 
est  yenue  ee  condenser  en  0  dans  la  partie  refroidie.  Cependant  le 
roserroir  0  nest  paa  tree  Inmiueui,  parce  que  la  phosphorescence  dn 
enlfure  du  zino  eet  plus  faible  k  la  lemperatnre  de  l'air  liquide  qu^a 
la  temp^ratare  ambiante.  On  ferme  ensuite  le  robinet  IV,  ce  qui 
interrompt  la  communication  entre  les  deux  resenroifs  B  et  C,  on 
retire  le  r^serv^oir  C  de  Tair  liquide  et  on  le  laisse  revenir  a  la 
temperature  ambiante.  Le  reserroir  C  est  alors  TiToment  illumiLe 
tandis  que  le  r^ser^oir  fi  est  tonjours  obscnr ;  romanation  qui»  an 
d^but  de  reiperieDoe,  etait  repandue  dans  les  dens:  reservoini  te 
trouye  en  effet^  tout  enti^re,  maintenant  dans  le  reservoir  0. 

Les  experiences  precedentes  conduiseDt  k  assimiler  remanation  a 
nn  gaz  analogue  a  un  gaz  materiel*  Cependant,  ju8qu*ici,  l*hypothe*e 
de  rexistence  d^uu  pareil  gaz  eat  uniquement  batiee  sur  dee  manJ- 
festations  radio-activ^e.  Bemarquons  encore  que,  contraketnent  k 
ce  qui  &6  passe  pour  la  matiere  ordinaire,  remanation  dieparait  spon- 

*  CunV  et  D^ieme,  CM.  de  Tac,  2  dec,  l&OI. 

f  Curie  et  Danim,  C.K.  d«  I'ae.  dea  sciences,  1903.  Euthmford  et  Mut  Bwol**^ 
Chemical  News.  1S»02,  2a  6ml. 

I  Rulhsr/ord  el  Soddy,  Fbil.  Mag,,  mai  1903. 
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tftD^ment  dang  tin  tubo  eqcIU  qui  la  renferme ;  la  qnantitc  d't^manttion 
diEDinne  de  moiti^  en  qnatre  jqutb,  et  cette  couetante  de  temps  est 
tine  dannee  coracterktique  de  TomanatioE  da  radiam. 

Apr^g  avoir  enum6r6  los  propHotes  principal oa  da  rftdiara,  tl 
oonident  do  rappeler  brieve  men  t  rorigine  d&  ea  doooaverto  a  kquelle 
Htne.  Curie  a  pris  une  tr^s  grande  part.** 

L'etude  dea  corps  renfermant  de  raranium  et  dn  thorium  arait 
montre  que  la  radw-activitS  est  une  propriiU  aiomi^ue  qm  accotnpagne 
partont  ratome  de  cm  deux  corpg  simpleB;  la  radio-iLOtiritti  d^uno 
(^abfltance  compoa^e  eat  en  goaeml  d'autaot  plus  forte,  que  la  proper^ 
tion  du  m6tal  radio-actif  coutenne  dans  cette  eabfitanco  est  elle-mlme 

Sins  grande.  Certain b  mineraus  d^arantum  :  la  pechblende,  la  chalco- 
te,  la  ciLrnotite,  ont,  ce pendant,  nne  radio'actiTit6  plus  forte  que 
celle  de  riaraninm  motallfque..  Nous  nons  Botnmes  demand 6a  si  oes 
min^raui  ne  ronfermaieut  pas,  en  petite  proportion,  qaelques  sub- 
■tanoea  encore  inoonnues  et  fortement  radiO'Bc tires,  et  nous  avons 
recherche  ooe  substances  hjpotli^tiques  par  les  voies  de  Tanalyse 
cMmique,  en  nous  gnidsnt  constararaent  par  la  radio -activite  doa 
ma^ifea  traitoes.  Nes  prdrisious  ont  ete  verifiees  par  Veiperience ; 
1ft  peohMende  contient  dos  subatanoes  radio^actiyes  nouvellest  mais 
ees  subetancea  sont  dans  le  nainerai  dans  un©  proportion  exoessive- 
ment  faibles.  Utie  tonne  de  pechblende,  par  e^temple^  contient  une 
qaautite  de  radiam  de  Tordre  de  grandour  de  I  decigramme.  Dans 
oes  conditions  la  preparation  dea  eels  de  radium  eat  peaible  ot 
oofiteuBe*  Une  tonne  de  mineral  foumit  quelques  kilogrammes  de 
btomiire  de  baryiim  radif&re,  d'ou  Ton  extrait  ensuite  le  bromure  do 
radium  par  une  serie  de  fractionnements. 

Fend  a  lit  la  E6paration  du  radium,  Demar^ay  dont  nons  avons  a 
deplorer  la  mort  r^tiente,  a  bien  7oulu  examiner  1^  spectres  des  pro- 
dttits  que  nous  avions  prepares,  Ce  couoours  nous  a  et^  pr^cieux; 
des  le  debut  de  nos  recberches,  raualyse  epectrale  est  tenue  oonfirmur 
nofl  pr^risions,  en  nous  apportant  la  preuve  que  le  baryum  radio- 
actif  qoe  noas  arions  retire  de  la  pec L blende  contenait  un  element 
nouveaa,  C'est  k  Demar^aj  que  nous  dovouB  la  premiere  etude  dn 
spectre  du  radium^t 

Le  radium  a  nne  reaction  spectrale  tr^s  sensible,  auest  sensible 
que  cell©  du  baryum,  on  pent  reconnaitre  au  spectroscope  la  pr6- 
■eaoe  du  radium  dans  un  sel  de  baryum  radtfere  qui  ne  contieut  que 
iflioo"*  ^^  radiam,  Mais  la  radio-activitu  du  radium  donne  une 
re  Action  10,000  fois  plus  sensible  encore.  Un  eleotrom^tre  ordinaire 
bien  isole  permet  do  deceler  faeilement  la  presence  du  radium  lorsqu'il 

Mt  melange  ^  des  substances  inactives  dans  la  proportion  de  =  -^* 

♦  Mma.  OurU,  THm  k  la  Faculte  des  sciences,  Pari 8,  1903. 

t  /Jnnarpiy,  C.B.  de  Tao.  dee  sdenoes,  d^  1898  et  juiUet  1900. 
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Le  mdiam  eet  Tkomologne  saperieur  da  bur^tiiQ  dana  1ft  serie 
des  meUnx  alcaHno-terrenx ;  aon  poidfl  Rtomi(|me  6g&l  d^  2S5  a  et^ 

determiDe  par  Mme  Curie, 

Biea  quo  eel  clement  9oit  tr^s  voiam  du  barynm,  il  ne  e'en  troupe 
pas,  tn€me  a  T^tat  de  trace,  daaa  les  miuarais  ordin aires  da  baiyam* 
La  radium  n'aocorapBgu©  I0  baryiim  que  dans  laa  miueraia  d^niane,  et 
ce  &il  &  probabkment  one  grande  importance  th^orlque. 

X. 

Le  radinm  nous  deune  rexemple  d'nn  corpa  qui»  tout  en  oonaer^ 
Taot  le  m^me  c^tat,  donue  lieu  a  un  degagoment  d'unorgi^  oontiuu  et 
aseez  cousid curable.  Ge  fait  panut  en  dcsaccord  avec  lea  priocipea 
fondamentaux  de  reQcrg6tique  et  di?eTaes  hjpoth^aea  ont  Gt6  pro- 
poaeea  pour  6Yiter  cette  contradiclion. 

Parmi  ces  hjpoth^sos  nous  eu  retiendrons  deux  qui  out  ei6  emtaes 
d^  le  debut  dea  i^tudes  sur  la  radioactivite.* 

Dang  la  premiere  bjpotheae,  on  auppoee  que  le  radium  est  un 
element  en  vole  d'evolutiou.  Ou  doit  alors  admettre  que  oetto 
^Tolution  est  extrgmemeut  lente  de  telle  eorte  qu'aucun  cliatigemeot 
d'etat  apTeciablo  ne  se  fait  aeutlr  an  bout  de  pluaieurs  anneiis. 
L'energie  que  le  radium  d^gage  pendant  une  an  nee  oorrespondmt 
done  k  une  traneformatien  inaignifiaQte  de  ce  corps,  II  semble 
d'aiUeurs  uatnrel  de  auppoeer  quo  la  quantity  d'energio  mise  eu  jmi 
dona  la  tranBformation  des  atomea  eat  conaid^rable. 

La  deuxi^me  b^^potbese  eonBiste  a  auppoeer  quHl  eiiste  dans 
Tespaee  des  ra^onneraents  encore  inconuuea  et  inaocefisihles  i\  dob 
sens.  Le  radium  serai t  capable  d absorber  rtLiuergie  de  ces  rayotiB 
hjpotbotiquee  et  de  la  transformer  on  cnergie  radio-active. 

Lea  deux  hypcthdaes  que  uoua  Tenona  enoucer  ne  aont  pas  An 
reste  incompatibles. 

*  if  me.  €ufief  Bcvue  gene'ralo  de&  sciences,  30  Jan.  ISUU. 
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GENERAL  MONTHLY  MEETING, 
Monday,  Jtilj  6, 1903. 


Stb  Jahbs  Obioston-Brownb,  M.D.  LL.D.  F.B.S«,  Treasurer  and 
Vice-Preaident,  in  the  Ohfur. 

Iiord  Ozmautowi], 

B.  L,  B,  Hammotid  CbamberB,  Esq,  K.O. 

Mich&el  B.  Field,  Esq. 

G.  MftrcoQi,  Esq. 

Henry  D,  MoLsrea,  Ka<i.  B.A. 

Btchftrd  PeftTce,  Esq, 

Emoflt  Percy  Stuart  Hoiipell,  Esq* 

W.  WaYell,  Esq. 

were  elected  Members  of  the  EDyal  Instltutioa. 


» 


The  Special  Thanks  of  the  Members  were  rotamed  to  tho  Miaae« 
IftdBtone  for  their  preseut  of  ft  portrait  of  Di,  Johu  Hall  Gladstotieii 


The  Prsbknts  receivtKl  since  tbo  Uat  Mooting  were  Uid  oa  tbe 
tftble,  and  tko  thftnka  of  the  Members  returned  for  the  fiauiei  viz.  i — 


t/wr  Boyid — Beporl  on  the  Rojal  Obsfirrfttor y,  Greenwieb,  1 903.    4w. 
Mtittfum  Trustee* — Cfitalogua  of  Addittous  to  tUo  M&nusfiriptd,  1804-09. 

Cbtelogiid  of  3nek  Coina :  Partbift.    Evo.     UtOS. 
ThM  Sicntmrjf  ^ 8i^f&t  India— iLn  Introdiiotion  to  ih<!  Gfttmtnar  of  tho  Enl 

iMDXOAgo*    By  L,  Letobmftjea    Svq.     1903. 
AMm'h^m,  S,  Si^.  {the  Xue^ir)— Fanilli&re  QyAtiiidiAthoM.    8to.     1903. 

KiOoh«l Murrogatea  dor  Ein^boreDen  tod  AngonLtdQi].     8to,    VM)% 
Aeemdemla  tl<si  liincsU  BeaU,  Roma — ^Olaase  di  SgIodeo  Fiajcho^  Mtitematiahe  e 

Ntttumli.    Atti,  Serie  QQinta :  RendiooDti.    1«  SetoiiBtrt^  Vol.  XIL  Fiiac.  1. 

No*.  UK  11*    **TO.     1903. 
AdT*ynm(ueid  SociMu^  i£<>^aZ— Montklj  N'otioes,  YoL  LXIU.  No.  7.     1903.    Sro. 
AulameitQe  Oiub — Journiil  for  Jiiin<%  J  903. 
Jhilapjd,  Jtoual  MagneUml  ntkd  Mt^eorotogia^  Ohiervaiory — ObsefratioiUr  Vol. 

XXIV,  1901.     iUy.     1903. 
BtU,  A.  Grahiimt  S»q.  {the  Auihory—Th&  Tetr&hedral  Frioqiplt)  in  Eito  Btraoture. 

8fo.     11*03. 
Bmtca  Ptibli&  Library — Monthly  Bnlletin  for  Janet  1!)03.     Sro. 
BHii4h  ArakiieeU,  Roytd  ItvstHutg  o/-^oaTQaU  Third  Series,  YoL  X.  No*.  15»  16. 

410.    1903, 
MMdl  .iiide^blKm— Haport  of  Bovonty'He<;Dnd  Meeting^,  1002.     Svo.     1903. 
SrUtik  AMir&nomiml  Auaeiaiwn—Jonmiil^  Vol.  XIIL  N'o.  S.     8?o.     1003. 
Junoi  Ajfrer,  City^Monibly  Buikim  of  Munleipal  SUtliyo^  April  L903.    4toi 
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Chsmi6at  S&eMjf —PmQ6edmg9^  YoL  XDL  Noa.  268,  268.     8vo,     1903. 

JourojLl  for  July,  11103.    Sra. 
Chicago,  Field  Cdumbian  Mmtum — 

Publicttfciaiifl— Bot&Eiioal  Serieo,  VoL  III.  Ko.  t     8to.    1903. 
Bepoft  Seriea,  Vol.  IL  No.  2.    Sro.     1902. 
Zoological  Serlefl,  Vol,  II L  Nos.  ft,  9,     8to.     1903, 
CiffU  Engifiaefi,  InftittUion  o/— ProoeodiiigB,  VoL  CLI.     8vo.     1&03. 

Subject  Indei,  VoIb.  CXLS.  to  CL.    8fo,    190a. 
Croeotns,  j^ca^^mi/  o/  Si3ie/ic«j — Bullettu,  Cl&sae  dea  Bciemoea  MathtfmatLQuei 

1903,  No.  4 ;  Clfleae  de  Philolt>gie,  1903,  No.  4.     Sto. 
Ediiarn — American  Journttl  of  Boi6tiG«  for  May-Juae,  !903.     8r(h 

AD&lyst  foi  June,  1903.    Sto, 

Aatrophpical  Journal  for  Juno,  1903,    8ro. 

AthoDjeum  for  June,  1903.    ito. 

Author  for  July,  1903.    8to. 

Board  of  Trude  Journal  for  Juae,  1903.    Sto. 

Brewers'  Journal  for  Juue,  lUuS.     Svo. 

Cbomical  Newa  for  Juqc?^  ItKK-t.     4rto. 

Chemist  and  Druggist  for  June,  1903,     8to. 

£lfM3tncal  Engineer  for  Jxitje,  1903.     foL 

Elootricftl  Rc'view  fcji  Joae,  1903.    ito» 

Eleetnoal  Tlmoa  for  Juae,  1903.    4 to, 

EleotriDlty  for  June,  1903,    &vo. 

EngLueer  for  JtuiK,  1903.     foL 

Eii£Lii@erin^  for  JuuOt  1903.    fol. 

Feildeu'ti  AliVgaziiio  for  June,  19Q3.     Sro. 

HomcBopathlo  Kevicw  for  July,  1&03.    8vo. 

Horologicat  Joamal  for  July,  1903.    8to. 

Jounml  of  the  Britifib  Donial  Aucciation  for  June,  1903.     8to. 

Journal  of  Stato  MedJicmtj  for  July,  1903.    Siro. 

Lftw  Jouriml  for  JunOi  1903.    8vow 

LoDdou  Tochnioftl  Education  Gnxotte  fof  June,  1903. 

London  Univerfiity  Oazetto  for  June,  1903.    4 to. 

MnclUDory  Market  for  Juno,  1903    8vo. 

MachiDory  UaerB'  Journal  for  May,  1903.    4ta 

Hfxiel  Enginoor  for  Jaae,  1903.     Svo, 

Moifl  Scioutitiqoe  for  Junef  1903.    8¥o. 

Motor  Caj  Journal  for  June,  1903    Svo. 

Motor  Car  World  for  Juno,  1903,    4to» 

Muaiool  TimOB  for  June,  1903.    8ro» 

Nature  for  June,  1903.     4tO, 

Kew  Church  Magjame  for  July,  1903.    8  to, 

Pago's  Mfl  E^az  i  D  0  for  June,  1 903.    8to, 

Photqgraphio  News  for  June,  1903^    870. 

Physical  Roviaw  for  June,  1903.     Svo. 

Popu] ar  A H tronomy  f or  J  o  ne- J uly ,  1 903,     8  vo. 

Public  Healtb  Engineer  fof  June,  1903.     Svo. 

Scionce  Aba  tracts  for  May,  1903.     Svo. 

Torrefitrial  Magnetism  for  Mareh,  1903,    Svo. 

Travul  for  June.  1903.    8vo. 

Zoophilist  for  July,  1903.    4 to. 
Flffrmuii^  BitUoieca  NatiOTiale ^B-aUetm  for  Jqne,  1903.    Svo. 
Florenix,  EeaU  Aecademia  d«i  Seorv^ojW*— Atti,  Vol.  XXV^  Suppletmait ;  Vol, 

XXVLDiip.  1,2-    Sva     1902^. 
Franklin  IntUtuia-^ouja&l  Vol.  CLV.  Ko.  6.    8m     1903. 
G&il^^ical  Socidy — AbstractB  of  ProoeedingSj  Nob.  779^781.     1903. 
Johfi$  Bopkint  UnivertUv^Anieiicaji  Journal  of  Philology,  Vol.  XXIV-  Ntj*  2. 
8vo.     190;*. 
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L^ktoHt  John^  E*q.  Jf.H.f.— Fx-Libria  Journal  for  Jiine^  1903.    8  to, 

Londan  CouMy  CowiMjil^ Annual  Report  of  the  Teofaaical  Education  Bo«rd, 

1902-3.     4t«». 
Lomqe^  Fmnai^  D.  En^i.  (tht  J itiAor) —Supplement  to  the  *'  Fictian  of  the  Ice  Age," 

©m,     1903, 
Manfhedtr  Literary  and  Philam-phical  Society — Prooeeditig*^  VoL  XL VII.  Part  4. 

S^o.     1903. 
Mechanical  En^ineer^  JrwiiiiUmn— Proceed b ^8,  1&02,  No.  5.     8to,     1903. 
Meney  Corner eaney — Heport  unjhe  Nftd^^atioa  of  the  Hirer  Herser,  1902>    Sroi. 

i90X 
Mi&v9eomeal  S&eiefy,  Mttyal^ Joxaai^l  for  June^  IQQd.    firo. 
JTwia  I^fcr^Arehives,  Scrie  II.  VoU  VIII.  Parts  2,  3.     8m.    1902-3. 
iVa«y  XtaJ^ite— Narj  League  Journal  for  July,  1903.     Sva. 
iVeio  Zealand^  E^iatrar^Otnerad — StatlBtics  of  thti  Colon j  of  New  Zealand,  1901. 

*to.     1903, 
Aava  Sootian  IndHuU  of  Science— "PTfyoe^hns^t  VoL  X.  Part  4,     Svo,     1903^ 
OdmisiogiMl  feciety— TftttiflfM^iiotifl.  Vol.  XXSV.  Na.  7.    Svo.     !y03. 
foru,  SSoetVf^  Fmnfuise  de  Physique — Bulletin  ded  Seiinaes,  190:2,  Fmo,  i ;  1903, 

Fuc  1.    @ro. 
Pharwuioemtisal  Eoeicty  of  Great  SriUun—JoumfH  for  June,  J 903.     8iro. 
QiMnulanJ  GooemmftU — North  Que^nBland  Ethnography  Bullefclti,  Ko.  6.    fol. 

i90B. 
Rame^  Mini^ry  of  Publie  Workt — Gioroale  del  Gepio  Civile  for  Jan«  1903,     Bwft, 
Rouot  Society  of  London— Philosopliicnl  TmniracitouBj  A,  Noi.  337-339.  4  to,  1903, 

Pfoceedinjjg,  No,  47ti,     Hvo.     1903, 
RtMoU,  Br.  W.  J..  MJiX  {the  Author)-^T\m  Formation  of  BeiiDite  fl^moa  bj  tlio 

Depoaitioii  of  Dui-t,     4tfl,     lUfJii. 


Saxon  OQfi^tu  of  Sciencet^  Eoya} — 
Abhandlunfrent  Baud  XX 


No.  6 
4tiJ. 


Bind  XXL  No,  4;  Baud  XXII.  No.  1 ; 
1902-3. 


Band  XXVIIL  Kof.  1-3, 
I    Benchie— 

MathematiBcli^Phyiischo  Elaaso,  I9m,  Noi,  6,  7 ;  1903,  Nos.  1,2.    Sva 

Pliiblogiecli-Hisiomohe  Kliiaso.  1902,  No.  3;  1903,  Noa.  1,  2.     8vo. 
Seiharw  &n*cl^— Naturo  Notei  for  Juuo-July,  1903.     8vo, 
S^d^y  of  Art* — Jourtinl  for  June^  1903,    8vo. 

StisHgtioal  Society,  Hoyal^-Jontntkl,  Vol.  LXVI.  Ko.  %     8fO.     1903. 
Tiuehmi,  Prof,  P,,  Hon.  Mem.  HX  (ike  Author)^MemoTiB  dolla  SoQioH  degU 

SpettroBcopiati  lUliani,  Vol  XXXlL  Diup,  5.     4to,     1903. 
Tran*mal,  Dirt^w  of  j4^ric«J(«fa— Tmtisraal  Agrioultuml  Journal,  Vol  I.  No.  3. 

8fo.     1903. 
UniUd  Service  ImtiiuiioTi^  ^yof— Joiirnftl  for  June,  1903.    8vo. 
Vu^td  SkUm  Department  of  AgrtcuHure^^pott  oi  ike  Olxbf  of  Uie  Weathef 

BaTWU,  1900-1,  Vol.  ll    4tn.     1902. 
Monthly  Weftther  Beriew  for  March,  1903.    4io, 
United  State!  G^ogioal  Sttpwr*/— Monographs,  XHt  and  XLIIL    4to.    1003. 

ProfeitiioDal  Papers,  Nos^  1-S.    4to.    1902, 
Utdtid  StatM  Pattmt  (#c©— Official  Gazette,  Vol.  OIV.  Noa.  5-8.     Svo.     1903. 
Ttnin  tur  Bepfrderung  det  QemerbJieiueM  (n  /*reu«Mii^Vorluindlu[igeti,  1903, 

Eefl  3.     Bvo. 
Tfrnma,  Imperial  OaoliMictd  Irutttvi^— VerhaQdlaagot)^  1903,  Nob.  5-8.    6vo. 
Wiuiki^gUm  Academy  of  Sci£ticet—M.^moiiBf  Vol.  VI XL    (Serunth  Memoir.)    4 to. 

XttUf  Oarit  Ltd.  H«Mr«.— Dm  Zcuawerk  and  die  Carl  Zeiai  Stiftiing  in  Jena,  8ro, 
1903, 
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GENERAL  MONTHLY  MEETING, 

Monday,  Notember  2,  1903. 

SiE  Jamis  Criohton-Bbowite,  M,B*  LL*X).  F*R,S,,  Treasurer  and 
Tice-Pr^aident,  in  the  Cbair, 

A.  K.  Huntingdon,  Esq.  F.C.S, 

Six  Oliver  Lodge,  LL,D.  Sc.D.  RE,S. 

X  Francis  Mason,  Eeq. 

Edward  H.  Woods,  Esq.  MlnetCE, 

were  elected  Members  of  tbe  Boyal  Listitution. 

The  PnESSNTe  rei^ived  since  the  last  Meeting  were  laid  on  tie 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  tIz.  : — 

FBOlf 

Th*i  Seeretartf  qf  Sttds  for  liKlia^- 
Gedhqiml  Buree^  of  India — 

Fiila!cntolo|^a  Indica«  Ser«  IX.  Vol.  m.  No.  1.    fol.     1003. 
MemoiTB,  Vol.  XSXIV.  Part  3.     Sto.     1903. 
iTidex  to  Volfl.  XXI.-XXX.  of  tbe  Rofloidn.    8to.    1903. 
Goneml  Report,  1902-3.    Svo.     IU03. 
liuadaf  i  Gmmmor.     By  X  UoSmaiui,    Bvq.    1903. 
Tibetan- En ^'ilflh  Dictioimry.     By  S.  0.  Dua,     4 to.     1903. 
Great  Trigonometrical  Survey  of  ludia^  Vol.  XVII.    *to.     1901. 
Beport  on  ArchBeological  "Work  in  Burma  for  (the  year  1002-3.    4to.     lOfl0. 
Archiroltigical  Survey:  Punjab  Circle,  Progresa  Beport;  for  tb©  year  ending 
3lAt  Mareb,  1903.    4to.     1903. 
Aeeademia  dei  lAneei^  Realtf,  Roma — Claase  di  8(.'i^;ze  Fislolifi,  llatemAticbe  i 
Httturall.   A.ttit  ^rie  Qainla. :  Eendicanti.   Vol.  XII.    1°  Sejueetro,  Faaa  IS ; 
2*  Someatre,  Fasc.  1-7.     1903.    Bvo, 
Clfi8ai**3i  Scienie  Morali,  Btciriche,  Berio  Qtilnta,  Vol.  XII.  Faao.  3-8.  Sto.   1903^ 
African  Society — Jourual  for  July.     Svo,     1903. 

A  Ik^henff  i>bmrcai4}rtj — M  i  ac  el  lnu  eou  b  PiiperB,  N.8.  Nob,  11-14,    Sto,     J  1H)3. 
American  Af.admip  i'f  ArU  find  5ct«Mr«— Proceediuga^  Vol.  XXJ& VIII.  Noa,  20- 

2G;  Vol,  XXXIX,  Nos.  1-3.     8m     1003. 
American 'Geographieal  &)ciety — Bulletin,  Vol- XXXV.  No.  3.    Sfft.     190S. 
American  PhiU/taphteal  (Scwifliy^Prooeedinga,  Jan,-April,  19GB,    8to. 
Ameterdam,  lioyat  Amdemy  of  Snendes— >Vorbaadoliiigcii,  !■  JB^tle,  Deel-  ^TH* 
Noa  a-5 ;  t^  Seetie,  Dciol.  XX.  Nm,  4^9, 
ZitiTigsveralagen,  Vol,  XI. 
Proceedings,  \<A.  V. 
Jfl  a  rbock,  1 002,    8  TO.    1 902-3. 
A*iQ.iic  Society V  vB^i^oI— Jouraa!,  July-Oct,  1903.    Sitj. 

Atiatk  Society  of  if cfl^al— Proceedings,  1&02,  No.  11,  Extra  Na ;  1903,  Noi.  1-5- 
8vo.    1902^3. 
JouruAl,  VoL  LXXI.  Part  I.  No.  2  and  Extra  No.  8;  Vol.  LXXII  I^  i 
No.  1 ;  Part  lit  No.  1.    gvo.     1902-3, 
Agronomical  Society,  i?<j;^— Monthly  Noticei,  Vol.  LXIU.  Not,  8,  ft   Sm  1»3; 
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AuiomotHU  CTwfr— Jouraftl  for  Jnlj-Oot.    4tQ.     1903- 
Banken,  Iwtauie  o/-^<Jurnal,  Vol.  XXXV.  No,  7.     «Vo-     ]90S. 
Belgium,  Aoyol  ilaul«m^  ft/  Si^ictwji— Bnlletin.  IWB^  Vos.  5-8.    8vo, 
M^m.  i3oar.  et  tuttm  Mim.  Tome  LXni.  Faao,  4-(l.    8vo.     190:^. 
1f6&.  Oomr.  et  de«  Savantu  etraug.  Tomes  I^XL  and  LXIL  Fasc.  3.     4to 
1902-3. 
Brr?/n  Aoademu  of  a?i>*w»#— SitzQCRahericlite,  trMl3.  Nne.  25-40.     8to, 
Berthilot,  M.  Daniel  (the  Author)— ^MT  les  Thermnmetrei  U  Gaz.     4 to.     1903, 
Sot  uoe  Method t;  paur  In  MeanrQ  d«*  TemperatureR.    Bvo,     19fJ?i. 
Sqi  Ia  nH»tinti  dm  etuta  ooireHpondants.     Bra      11^03. 
Bomdtmt  Q.  Stq^  Cths  /tulWj— Lti  Luna  e  Ia  CaUmita  del  Mondn.     8to.     1903. 
ftMtoa  PiOiio  illiraiir^MoTithl  J  Bulletin  for  July-Oot.  1903,    8to. 

5Ut  Anniuil  Report,  n)D2-3,    Sro. 
JMpii  awiflly  e/  Mziural  M'a^r^— Froceodings.  Vol.  XS.Xt.  No«.  1  und  3-7. 
8fo.     1903. 
lIeiBoiT«,  Vol.  V  Nos.  8,  9.     iin.     1902-3. 
BriliiA  4r«^*f:^w*j,  J?oi/ai  IfuHiiOe  0/*— Jouma!,  Srd  Seriei,  Vol.  X,  Noa.  H-^aO. 
-Ito.     1903. 
Kftlenddir,  190S-4.    Sm     1903. 
BriU*h  Aidronomi^at  Atsoeintion^^lonrn&X,  Vol.  XI 11,  !ffofl.  9,  10.     Mtrafliri,  Vol. 

Xr.  Part  III.     8vo.     imX 
Bwmo*  Ayret,  Ci'y— .Monthly  Bulletin  of  Municipal  StatiaticSf  Muv^une,  1903. 

8?o. 
Cawi5rif/ge  Fhtlntophiaal  So^utijf—Ptocmdiaga,  Vol,  XII.  Part  3.     8 to.     1903, 
Cambridge  Unij?«rvUjf  Ubrury — Report  of  l^e  Library  Syndieate  for  1902.     4to. 

194Ki 
Qanoda,  Qmtagkal  jSurt»«y— Antjunl  Report,  New  SerJee,  Vol.  XI L  1899.    gm 
I  190S, 

Catnlogtse  of  OaDodiati  Birds,  Part  II.     8¥i».     1903. 
Canadian  titwemmsnt — Map  of  th*  DominiNtn  of  Coimdn.     ltK>:i. 
CoMetl  it  G>.  itf«wr*-^Photof«ph  of  two  Davy  [.iimpfl,  fmai  the  11. 1.  CoUeofciou, 
Okemieal  Indu*trtf,  Society  o/— .louroal.  Vol.  XXIL  Noa.  ia-19.    Sro,    1903. 
Ckffmtieai  Soeid^— Jouruni  for  Aug,-NoT.  190H.    Sro. 
OiFil  Kwfin0iirt,  IntUtution  o/^Proceedingd,  VoL  CLn.    Sva     1903. 

LUI  of  .Mi-mbiire.  191)8,     8to. 
Cotoniai  indituU.  i?(iyai— Procei^-diiiKa.  Vol.  XXXFV.  1902-3,    8to. 
CiTRUKdl  Folykchnir  Society^  ff<i|/ai— Seventieth  Annual  Report.     8?o.     1903. 
CommaU,  Roya!  InitHtuium  o/— Joaru»l,  Vol,  XV.  Part  2.     «vo.     1903, 
CotOt*,  John,  E*q.  (tht;  Author}— Tho  Motbod  of  t'brUit  &b  traoed  in  Chembtry 
PhyaicH.  and  Sptclrum  AudtyBtfl.     lOmo.     190H. 
I       Onrnvie,  PAmdimie  da  SeimceM — Oullutin,  Cliissei  dei  Sctenoea  Math*^auitiqueB 
I  ftl  NatQfellei,  Noa.  5,  6;  Claawe  de  Pldlologie,  No.  5.     190S.    Sto. 

^yOrWoni  and  BaUxirn*,  The  Enri  uj,  K.T.  MP.  FM.S^  itf.HJ.— Bibliotheca- 
^H^  Lindesiana:  ColliitioDH  and  Nntet,  No,  VIII.  C'atalogltie  of  Tracts  by  Luther 
^V       and  hilt  t'oiitemporaries,!.''! 1 1-1598.    4to,    1901^ 

ikfumtm,  W..  M.D.  (IA*  DiTtetor) — The  VVelk-omts  I'hy biological  ReaeRrt'k  Labom- 

torii-H.     8vo.     1903. 
Ea*t  Iwiin  jiMwiaimw— Journal,  N.S.  Vol,  XXXIV.  No.  31.     8vo.     im'X 
f^difihtrgh  f loyal  ^ie*Viv— Procua^in^,  Vol.  XXIV.  No.  Ti.     S?o.     I90a, 
Jfiiilvfi— Acsronautical  Jourual  for  JuIt-OoI,  19^13.     Svo, 
I  AmerkAB  Journal  of  Suienoa  for  J  my -Oct.  190:;,    8vo, 

I  AoaItiI  for  jQly-Oct  1903.    Sm 

Aitrophynoal  Joumwl  for  July^Oot.  1903. 

AthtfnjBUDi  far  July-Oot  1903,    4to. 

ABtbor  f..f  Jul y> Oct,  ]dm.    Svo. 

lJ-*fd  of  Trude  Journal  for  July-Oct,  1903.     8to, 

Blew  en'  Juimial  for  July -Oct,  190;l     Sto. 

OuibridKe  AppOLUtmcnta  Gaz^^tte  foT  July-Ctet.  1903.     Sto. 

Obemieal  News  for  July-Oot.  190a    4to. 
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£Jtlor*—ac}fil|fiiuMl 

Chemist  And  Drntj^irut  tor  Jti]y-Oet.  1903.    Sfio. 

Dioptric  Eeriew  for  Jua*M3ot*  lt»03,    8vo. 

ElwtrinLl  Engineer  for  Julf-Oct  1903.    tot 

BleefaricAl  BoTJew  for  July-Od  IBOS.    Sto. 

Etttetrieal  Times  for  Jaljf-Oet  1903.    4to. 

Bleotricity  for  Julv-Oct,  l^it'S.    Bvo, 

W^WSiro-Vhemmt  nod  MetiklliirgiBt  for  AugtiBl,  11*03.     8vo. 

Ettgineer  f of  J  ul  y-Oct  1 903,     fwL 

EngiTieeriog  far  July-<;tet  im^     fnL 

Feiiden'i  ILijiraiine  fur  Julj'-^Ctot  ISKIS.     8to, 

Focu:^  for  .luly*  1908,     Svo, 

H(Kaceop»tIiic  RctIcw  fnr  Au^;  -Oat  19413,     8tq. 

UoRiloelciil  JoujTiftl  fnr  Aujr-Nov.  190:i.    8  to, 

Jonnmlof  the  Britwb  Dental  Asiocifltli«n  for  Jqljr-Oet.  1903     Sto. 

Jonmal  of  Physiosil  Chemistry  for  Mfty^Cksl.  iy03.    8¥o. 

JuiirRftl  ruf  St&te  Medicine  for  Anp^.-UeL  It^Kk    Sro. 

Law  Joum  &!  for  J  ii  J  y  -  Uct.  1 903 .     8  vo. 

London  Tiu-hnical  tklui.^t]E>Q  Gasettt'  fur  July-4)oi  I90S.     Sro, 

Machinery  Market  for  July-Ckst.  I90y,     Bro. 

Mod*4  En^anetr  fnr  July-*  ^ct.  1SM*3,     Sto. 

Muia  dui^QtiJique  for  July-Oct.  IBiTS.     8to. 

Motor  Car  Jouni d  far  July -Oc t.  1 903 .     Sto, 

Musical  TiiDei»  for  Jtilj-Oot.  1903.    8vo. 

Kattire  for  July-Oct.  190;i.     4to, 

Kew  Church  M&giuine  for  Abg  -Kot.  Ift0:i     Sfo. 

HuoTo  Cimeato  for  April -May,  190;i.     8vo. 

Pai^'a  Mttpizine  for  J«ly~Oot  190;^*     8vo. 

Photograph  ii;  Newa  for  Jnly-Out  1903,     Swo. 

Phyaicftl  RtiTiaw  for  July-Sept.  1903.    8to. 

Fnpiilar  Aalronomv  for  Julv-Ocl.  1903,     8*0. 

Public  Health  tng^ineer  for  July -Oct  1903.     Sto. 

Bck^nce  AbetracU  f-r  JuDe-Sept.  I9ii:i    Sto. 

Terrea trial  Ma,K^QetiBiii  for  June,  1903, 

Tmvol  for  J  d ] y -Oc  t.  1 908,    8 vo. 

KoopliiliAt  for  Aug,-Oct  lfH»3,    4 to. 
Sftstrieui  ^Mmerf .  Imiittiiwn  o/-^otiniah  VoL  XXSIL  Fftrto  i,  5.   Snx   1901 
£ktonu]b»jeeil  &wielv--'rran««(tiou8.  iU03,  Part  IL    SfO. 
Field   CcHttfn6mn  JfiiMcwn— PublicJiitiaDa^    Geolof^ioAl  Serioa,   Vol,   JX  Na  t: 

Zoologicai  Beritr*!,  Vol.  III.  Ni«i.  10,  !1.    8vo.     1903. 
Fhrrnc^^  BtbiinUca  Natiouale-^BiillHin^  July- Sept.  190H,     Svg^, 
Flf>rvnce.  ReaU  ArmdemiQ  del  tfearj^^'/i'^Atti,  Vol  XSVL  Diap,  3,    8to,    1903. 
FMnJW»i»  i/-*aVu<<!-^oumal,  Vol.  CbVI   Nofi,  1-3.    8to.    190H. 
QeogrnphiecU  Suddjfy  Royal  -UeogniplilciJ  Journal  for  July^Oet.  1903,    Sto, 
Geoltigical  Atci^f^— Quttrterly  JoamaU  Vol  LIX  Purt  3,    Sto,     1903. 

Litoratune  added  tn  the  Library  in  1902.     8vo.     10o;i 
Gea^ical  SurFey  of  the  United  Kingttoni — Summary  of  PrDgress,   1902.     ^W 

190:^. 
Glwtgoie,  Itoyai  Pkitomphical  SocfV^y^Prooeediiigi,  Vol  XXXIV.     Svo,     1903. 
Gordfm,  Mrt.  Ogiteie  (th^  Authoreu) — The  Oectlogioal  Straclure  of  Mouaoni  aod 

Fiiaaa.     Svo.     1903. 
QdUiivaeti^  Fiot^al  Aeoi  fern}/ of  Science* — Xachriohtoa:  Mathemiiti«ch-phyBikiltioli^ 
KlftSfle,  VJO'6,  Heft.  3,  4,    8vo. 

GeBchuftliche  Mittheiltm^EJO,  190^^,  Heft.  L    Sra 
Harlem  J   Sadete    liollandaise  det  Scief^et — AichlTea   Ni^erlaudaisssf^   Bine  H. 
Tome  VIII.     8to,     1903. 

VerhtmdeltiiKen,  Deel  V.    4 to.     1903. 
Ifipn  and  Steel  Iiialifttf a— Journal,  1903,  No,  1.     Svo.     1903. 

Liit  rif  Mombers,  1903.     8to. 
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John*  Hopkim  I7nr««r»ll:y— UnlTamtj  Ciranlara,  Nim,  163, 164  >    4  to.     1903. 
Junior  Engine^TA^  Insiituiiwi  of — TrAiiaaclioti^  Vol.  KII,     Sto.     190S. 
Kama*  r^niiwrjiiy— Bulletin  Vol.  III.    Syo     1903. 
Ltuittitru  Borou^  o/— Thirty Hsecoiid  Atmuai  Report  of  the   Public   Librariu 

Committee,    Svo.     llKI2'a. 
Lmghton,  John^  E§q.  F.S.A.  MJil—^Vha  Pmctical  Photogr»pUi*r :  No,  J,  Urainide 
Pnntitj^^.    October  19f>3.     8?o, 
Joumul  of  tb©  Ex-Libri*  Society,  Julv-f^pt  I90y.    8vo. 
Portmit  of  the  i>tb  Duke  of  Northumberland. 
Li/fSijat  JiMtiluliV/ti,  Hofoi  National— JttJinukl  for  Aa^uBt,  191B.    8to. 
Linn^aTt  Socisty — Traiisactioiia :   Botjiny.  Vol.   VL    Parta    i-6:    Zoology,    VoL 
Vin.  Pftrtail   rj;    VoL  IX.  pHrra  1,^     4to,      1902-:^ 
JouniLil,  Z.«loi;y,  Vol  XXX  VIU,  No.  187:  Botany^  Vol.  XXXVI.  Nois.  21G 
and  251.     Svo.     19():i 
f^i'f^tniitti^, /te|^i  ^Ibewiu  of— Tnmaiiotbiia,  VfiL  XKXt.  Parta  1-3;  Vols.  XXII.- 

XXin.  anH  Vol,  XXIV,  Piirta  1,  2.    8vo.     1899-1903. 
MiidH>K  lio^at  Academy  of  SffKBoea^JlemoriM,  Tome  XVltL  Part  1 ;  Tome* 
XX. -XXL    4to.     \W6, 
Aarmario  1B03,     If^ima, 
Mamd^eaieT  Ltterartj  and  Philomtphical  Sodstxf  -Memoiri  and  Pfoceedjugs,  Vol. 

JEX.VII   Parth  5,  6.     8  to.     J  mm. 
MtamtekmeUM  Irutitutt  of  TecJiAtJogy—TechnoXo^'  QuBjrterlj,  VoL  XVI.  Ku  2. 

Sro.     IdOll 
Mtehanieal  EngineeTs,  Inititutum  o/— ProcetHiiiigii,  190H,  Noa,  I,  2.     8fo. 
MHmrologioal  Awfo<j— Journal,  Vol.  XXIX.  No.  1'27,  July.    8to.     190:1. 

Meteorologioal  Raoord,  Vol.  XXIL  No.  88.    Sro.     imti. 
MHrojjotitan  Attjium*  BfJarri— Report  for  1902.    8vo.     19fKl. 
Microscopical  Sftciety,  Royal — Journal,  UHi'A,  PurtH  4,  ft,     Svo. 
Mctniana  Univeraity — llulIelLn*  (lcolo;;ietvl  Serieii,  No.  I.     fivo.     lOOii. 
Mmmiek,  Royal  Bavarian  Arademy  of  SWmMJo— SitautigBberiohte,  1901,  Heft  II. 

8to.    I9n:i 
Mtweid  A»*oeiatioii     PnxsteclingTBi  Twenty- ninth  Sewion,  l8fl2-:^.    8vo. 
S^dtd,  Cttiony  o/— £eptirt  <»»  the  ^(inlng  ludtintry  of  Natal  for  JOOtil.    4to.    1903. 
.Vary  Litagux — Navy  League  Journal  Ibf  Aug  -(>L't.  J 90: 1.     8 to. 
AW  Souih  Widei,  Comptrolkr  of  FrinowJ— Uoport  for  th<*  Year  I9l>2.     fnl.      1903. 
AW  **jul/*  lF((f<?*,  /foyaZ  (Society— Journal  auJ  I^rot'eediuga,  Vol.  XXXVI.    Bva. 

lliOS. 
^ffv  2SMilciiiidf  .iptn^'&en^ral  /tir— StatbtJtw  relating  to  the  Colony  far  1901, 
Parts  IV.-VII.    fol.     19i)3. 
Ntw  Zeithind  Minefl  Uec5ord,  Vol.  V.  Nob,  It.  lH  Vol.  VI,  Noi.  1-9.    Sro, 

JiMunftl  of  tbo  Department  of  Labdtir,  M«y  19(il.    Svo, 
Meir  S^e^and  Handbook,  No.  S,  1901.     8to. 
Sttrfdk  and  Norwich  NaiuraliMi^  ^ofHcl^— Tninsactiona,  Vol.  VII.  Part  4.     6vo. 

1901, 
Kmik  of  England  Irt^titi^^  of  Minify  aitd  MetAan^l  li'w^'twKT*— TranBactionii 
Vol,  LIL  No.  6.     Sfo,     190H, 
Bcftort  fif  thn  OomrnitUe  on  Mcohanictil  Coal  Tutting.     «vo.     J 903, 
'   iQual  Rf^ptjrt,  1901     8to.     WiKU 

Seotia,  Aijcnt-Gcneral  for^M&p  of  Novn  Bootia,     190^, 
itfwtiiiiifTftV  Saerfd^— Numifimatic  l  hronick,  190:t,  Pari  HI.    Svo. 
Odcmte^ral  Soeieiy—TtAWiiicUonu,  Vol.  XXXV,  Nu.  8.    Svo.     1903. 
(/l/a//ufaft,  6'«org«  A.  Etq.  {ArchtviMt) — Report  on  CaimdiBn  ArchiTci,  1902. 

8vo.     I90a. 
Owiutt  Br.  //.  K. — 0(pmmuiiicatinnB,  No».  Sit,  84  *.  Supjjlement.  No.  i>.    8to,    199;i. 
fbH^  Soeiiii  Framraivi  d*  J^Asftf^ue— Bulletin  dea  S^noes,  190:J,  Fmc.  2.     Sro. 

I90S. 
Pmttiffeafi^  DfMwrftly — MinoellaiieonB  Papera,     8to  ond  4to,     1903. 
i%trma«e^ietd  Sodmtf  of  Qr€ai  Bnlara^Joamal  for  July-Oct.  19QB.    dTo* 
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PhOeddphia  Atxidmtjf  0/  Naturai  Sefenaet— Prooeedrnga,  YoL  LV,  P&rt  I.     8*0 , 

Pkotographie  Soeiaty^  Bo^— Pliotographio  Journat  for  Msy^ulv,  1903.    8vo. 
Fk^eoi  ^oH6tf  nf  London— Pfueeedh  ^gs.  Vol.  SV I II.  Pnjt  5.     8to.     1903. 
PoUiTCiyy  Hon.  i^V— National  Educatinti,   By  H.  ^penoer.  (tiepfiiitad  from  *'  Sodul 

f^toHo.")    8to.     1903. 
A»Me^  Jfitel#rv  o/Pt»&f«)  ff^rXp«— GiomMe  del  GenioOirile  »0f  Feb.^April,  I9tr3. 

Sra 
JZoyaf  CbUep^  0/  5urg«jjit— CalLndtu',  190E,     8vo. 
Royal  (}t/mmiMfon  for  the  Untverml  Exhibitioti^  SL  l^uht  1904 — Speech  by  the 

Prince  of  Wales  nt  the  Firwt  fleeting.    Stu.     19dS. 
Ecyal  Enginetr*,  Corpt  n f—Frf ^tasioual  Papere,  Vol  SXVIU.     8vo.     1&(>H, 
.Eojaf  Irish  Academif-  Prtxvodm^a,  Vol  XXIV.  Sec.  A,  Part  2 ;  Sec.  IX  Part  3  i 
Sec.  C,  Flirt  a.    8to.     VMi. 
TnmsactLOiis,  Vol.  XXXII.  Sec.  A,  Part  6;  Sec  C,  Part  1.    4to.     1903. 
ifcjoi  iS«j/<f(^  f^/'  Londtm— Pbilowophi(»l  'J'miiiMctionB*  A,  Noa,  338-S49,  B,  N«, 
216-219.     4to.     I9(ja 
Proceed  iuKS*  Noa,  47T-4B2.    Sto.     1B03. 

Rfiportd  of  the  Skepin^  Sicbpeai  CommiuioD,  No,  1.    8to.     19(>3. 
fi«port«  to  tim  MnliuiA  i'nminittee,  8th  @«riea.    8to,     190:1 
8t.  BaHholtmiew's  eoaptfai— StiitiBtii'iil  Tftbleu  for  1902.     8vo.     JtKJ.H. 
8t.    FMertbiturgf   L'Atiadirmit    InvptHah   d«j   ^cu'eneM— Memoirei :    VtO.  SAil^ 
ClMse  PhyiiTocHMatliemBtii|ne,  VoU*  Xl.-XU.  uQtl  Xltl.  Noe.  1^  9xA  7, 
4to.     1900-3, 
Biilletm,  Tome  XUt.  Ntja<  4,  5j  %l\\  XVL  XVU.  Nm.  1-4.     8?a     1000-1 
l.^mptes  IteDduii  tie  la   L  ummi^iott  giimique  Permuneute,  Tome  I.  Lir.  t. 
Hq.     190it. 
Siinitary  /n^h'iule^^oaniiil,  Vol  XXIV.  Purlt  IL-UL  »iid  SuppltimeatH.    3i^ 

i9o;i. 
SdhomB  ^oCTcfy— Natofe  KoLe^  for  Aug. -Oct.  190H,    Svn. 
fibitteW,  j4.  I?.  Etq,  M.KL  {the  ^iiiAt^r)— Fragmenta  from  Cnritinpiitfti  Jmirii«T- 

iuga.     8vo.     I90:i 
Smithy  li.  Leigh r  £*•?■  M..i,  MR, I. — l^rumoHocu  of  the  Institute  of  Navil  Aicbi- 
tentH,  Vol.  XLV.     4to,     190:i. 
Tlu'  S^-ntliiih  Ijeuj^rttphicwl  Magnzine,  Vol  XIX,  No*.  7-10.     8%*o,     1903. 
Sjuitfukffiitin  iHBiitutian — Miactrllaneoiis  CoUectioijB,  JH72ttnd  laTU.    $y<k    UH*^-^^ 

I  ontiibutious  to  Knowledge,  VATd.    4 to.     190JL 
Sfieiettf  0/  Arts^onm&l  for  Julv-Oct,  19ft:l     Svo. 

iSwedish  Acad^mtf  &/  StnenciH—kniniiiu^t.  Bj4iid  XXXVl.  And  XXXVli.?^** 
1.  2.     4k».     mv2-<i. 
Bibaiig,  Rmd  XXVIII  Nos.  1-4.     8 to.     190:i 

Lefiiikdateckriing&T,  Ouud  IV,  Heft  X     Svo.     1903.  f 

Arid?  llir  BoUmique,  B^n*l  I.  Hafte  l-ll    8to.     li»oa. 

Kemi,  Band  LH&rt£j  1.    8ro.     1903. 

Mateoiatik.  Band  I.  Hafle  1,  2.     Svo.     1903. 

Zoologi,  Band  L  HafU' 1,  2.     8vo.     190S. 

Ambok  ffjr  ar,  19(B*     Svo.  .. 

faachini,  Prnf,  P  Hon,  ifetw.  fll  (ihe  Author}— Memone  dellft  Soeieta  d^" 

Spettrorfeupiati  Italiani,  Vul.  XXXII.  Diap.  t>-lO.     4tn.     1908. 
Tatmatiia,  Enyal  Sortcf^— Prooeedinga,  1902.    Svo,     190;i. 
Toronto  University — Studies,  PhvBieal  f^€i«iicG  Stariefi,  Noa.  1,  2.     Sto*     19<)3. 
Tranivaal  Bepariment  of  Agricuhare — Juurniil,  Vol.  I.  No.  4*     Sto.     llWli 
United  SeTBioe  Ijvstitidion,  jSoyai— Journal  fur  JuJy-Oct.  1903.     3¥o.  ^— 

jJrilt«(2  i$^a(4?«  JDepartnteai  0/ .^^louWura— Monthlv  Weather  Review,  April^a^^ 
I9u:i     4t(K 
Eit[>enmeiit  Station  Record,  Jan. -July,  1903,    Mvo, 
iMii^iStatcs  Geoiogieal  SuriH^—Mhiiiml  lieiQutiimoiVM.  1901,    8vo.    1902^ 
Bulletin,  Noa.  191,  19J-207.     8vo.     1902. 
G«olo^o  Atka  of  U.S.  Polioi  72-90.    fol.    1901^;i. 
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Utdled  8UUe$  GtoUtgieal  Airvey— Water  Supply  Papers,  Nos.  65-79.  8ro.  1902-3. 

Twenty-aeoond  and  Twenty-third  Annual  Reports.     14  yols.    4to.     1901-2. 
UmUed  BUUm  FaUmt  Oj|l«»-0ffidal  Gazette,  VoL  CIV.  No.  9;  Vol.  CV.-CVI. 

Not.  1-5.    4ta    1903. 
Annual  Report  of  the  Commiasioner  of  Patents,  1902.    8vo.    1903. 
XhUted  SUUet  Swyeon-OmerdTs  Q//!0»— Index  Catalogue  of  the  Library,  Series  IL 

VoKVIU.    4to.    1903. 
Up$al,  i:Ob$ervatoire  MOiorologique—Buneiin  Mensuel,  Vol.  XXXIV.  1902.  4to. 

1908. 
Verein  mtr  BefMlerung  de$  Geu>erbflei8$e$  in  Preuuen — Verhandlungen,  1903. 

Heft  7, 8.    4to. 
VieloHa  IntHtuie-^oumtl,  Vol.  XXXV.    8yo.     1903. 
Vienrnoj  Imperial  Oeologieal  Intiitute— J ahThnch  Jahrgang,  1902.    8yo.     1908. 

Abhandlnngen,  Band  XX.  Heft  7.    4to.     1903. 
Walter,  Mim  M.  (the  Trarulotor)— Notes  from  a  Diary  in  Asiatic  Turkey.    15y 

Earl  Percy.    (In  German.)    MS.    fol.    1902. 
WaMnalon,  Aeademy  of  &»efu;e«— Proceedings,  Vol.  V.  pp.  99-229.    8to.  1903. 
Wdli,  Henry  M,  Eeq,  (the  Author)  -  Cylinder  Oil  and  Cylinder  Lubrication.    4to. 

1903. 
Wedem  Society  of  Engineers— JunmAl  Vol.  VIII.  Nos.  8,  4.    Svo.     1803. 
Tarkekire  Arehseologioal  Society— Jovantd,  Part  67.     8vo.     1908. 
Torkehire  Philoeophioal  Society— AhuhaI  Report  for  1902.    8to.     1903. 
Zodogieal  Society  of  London— Proceedings,  1908,  Vol.  I.  Parts  1,  2;  Vol.  IL 

Part  1.    8to.    1903. 
Transactions,  Vol.  XVIL  Parts  1,  2,    4to.     1908. 
ZmiekNaturforeehende  &eM22sc^/e— Vierteljahrsschrift  Jalirg  XLVII.  Heft.  3,4. 

8fa     1903. 
Die  Elektrische  Wellen  yon  A.  Weilenmann.    4to.    1903. 
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GENERAL   MONrHLY   MEETING, 
Moudiiy,  Decem>>©r  7,  1903, 

8iK   Jakkb  Ckiqbton-Brownk,  M.D.  LL.LK   F.R.8.»  Treasurer  ftiii) 

Vice-Preaideut,  in  tbe  Ohair* 

Audrew  Ourucgte^  Efiq.  LTj.D, 

John  Sadler  Ourgenven,  Esq.  Al.RX'.S.  L.R.aP. 

J.  Emeraon  ReyDoldfi,  M.D.  Sc.D.  F.B.S. 

Rudulf  WiBBmaixD,  Esq. 

were  elected  Memb«P8  of  tbe  Boyal  Institiitioti. 

The  CbairmaQ  nonouucf^d  the  deoeane,  on  the  ^Otli  of  November, 
of  Sir  Fredoriek  Bnuuwell,  Bart.,  and  tbe  foi lowing  letter  from  Hie 
Grace  tbts  President  w»8  read  :— 

My  DtAtt  Sir  W'tLUiM  CaooKM— 

It  la  with  tlie  utmoet  regret  thjit  [  find,  nn  importtiDt  eD^agement  in  Kew> 
castle  will  utnftToidnbly  prevent  tny  littendin^  th^  MoDtbJy  Meeting  of  iLc 
ManajErers  of  the  Ur^jul  IdfltitHtitin  next  Moudny,  nnd  tbe  iubaequeut  General 
Mc!etirig  tit  Members,  I  am  especinlly  griev&tl,  bei:»UBe  It  wonld  hiiT«  been  a 
melancholy  8idi«f»cti<iii  to  hnve  bAil  the  nppnrtunitj  of  exprossltig  my  deepietiM* 
of  the  lc)0B  tlie  ItiBtitution  baBitistnitie'd  in  the  dent'b  of  our  reiBpocted  and  Tulttod 
friend,  t<ir  Frederick  BmmwelL 

Hia  preat  tnle&tB  niid  biM:h  professBional  reptjtntioti  are  known  to  all  the  world 
-—the  de«p  iDtereet  he  always  displtiyed  Id  tike  work  af  the  Boy  til  Institution, 
and  the  conapicuotis  eerricefi  he  rendereil  it,  cannot,  I  Ibink,  fail  to  be  wttbln  the 
oognteaDco  of  eveiry  member.  But  it  is  only  Lho»e  who  hnvQ  ttaken  part  ae  hii 
oolleniruefi  iu  tha  tnanagement,  and  wlio  hare  had  tbe  privile^  of  enjoying  bii 
pereoDal  fnendfihipT  v\w  can  be  fully  ai^iire  of  bis  geniul  kimllinefis,  liifl  wise 
Qoiineelft,  oad  his  ijidefatigable  ener^iry' 

lam  glad  to  think  thiit  we  were  able  to  do  something  in  hia  life^titue  to 
convey  to  him  a  E«uee  of  our  esteem  whi^u  we  added  his  buat  to  out  coUeetiaa 
To  US  it  iff  a  reminder  of  a  loaa  whioh  will  tong^  be  felt 

Believe  me.  Your*  very  truly, 

(Sigoed)    NoRTUtJicBEULAirD, 

Tbe  Chairman  said  :  In  the  abeauco  of  Hie  Grace,  the  President, 
it  deTolves  upon  nie  to  submit  to  you  tbe  Resolution  ivhich  he  wotiW 
have  propfised  had  be  been  here,  and  in  doing  so  I  would  eay  that  wa 
mif^s  thin  afternoun  a  diBtingutshed  figure  that  was  with  na  at  oar 
lai^t  monthly  meeting,  and  that  has  been  familiar  in  this  theatre  for 
Beven  and  twenty  years,  for  ever  aince  Sir  Priderick  Brain  well  joinetl 
the  Royal  Itistitntion  in  1876  he  bi  a  taken  an  active  iutetrest  in  iti 
affaire  and  hai^  been  seldom  absent  from  it8  meetings^ 

I  am  sure  that  onr  members,  and  egpeoiallj  onr  old  momberi, 
during  tbe  coming  aeaaion  will  be  oonBciona  of  •  Toid,  a  want,  when 
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thej  look  round  and  tee  bim  no  longer  in  his  accustomed  place,  utid 
as  for  ns  who  h&ve  been  bis  fellovr  workers  here,  I  am  snre  I  may 
affirm  that  until  we  mirselves  are  memories  of  tliR  paat,  kind  thoiiglita 
of  him^  f^rateful  reminiflcenceQ  of  bts  genial  prcoenue,  will  baunt  this 
pUoe.  In  bim  the  Royal  Institntion  bad  a  wise  ouun&ellQrt  a  vigilant 
gmirdian,  ft  geaeroiiB  frif^nd,  and  it  is  fitting  that  it  should  bear  its 
ebare  in  the  wide-spread  mourning  for  hie  death, 

I  soy  n^ide-epreod  mourning,  becanae  many  other  public  iufltitn- 
Hods  which  ho  benefited  by  hte  serTioea  are  suffering  from  the  loss 
of  him.,  and  indeed  I  might  say  that  London  and  the  whole  country 
are  the  poorer  because  he  has  gone.  One  of  the  groat  band  of  Engi' 
oeers,  of  Eogineoring  Scttlntors,  if  I  might  so  call  them»  who  during 
the  last  century  have  been  ro modelling  the  face  of  the  earth,  perhaps 
with  gome  sacrifice  of  pristine  beauty,  but  with  a  vast  angmeutation 
of  expreeaion  and  mCAning,  one  of  that  great  band,  he  has  left  his 
mark  upon  his  times.  Identified  with  no  one  monumental  under- 
taking, be  has  in  scores  of  places  done  something  to  promote  the  public 
health,  to  facilitate  human  intercourse,  to  improve  our  induatriee. 

In  this  theatre  he  spoke  of  himself  not  long  ago,  with  chamctei^ 
istic  modesty,  as  one  of  the  roedioorities  who  carry  on  the  work  of 
the  world.  There  was  no  mediocrity  about  him.  He  was  a  man  of 
oooamanding  Intellect,  of  excellent  attainments,  of  quick  and  deep 
innffbtt  of  choice  hutuour,  of  unique  personality ;  and  it  was  by  virtue 
of  tnts  eombinatiou  of  qiinlitied,  that  he  carried  on  his  work  in  the 
world  in  such  a  manner  as  to  be  always  far  in  advaJiQe  of  his  fellow* 
labourers  in  the  rank  and  file^  and  to  secuie  on  all  hands  bononrablo 
leoognition. 

But^  gentlemen,  the  life  is  larger  than  the  work  of  the  man— and 
it  seems  to  me  that  Sir  Frederick  Bramwelfs  life  was  memorable  and 
beneficent.  Ho  always  diffnaed  around  him  a  wholesome,  gonial, 
hopeful,  righteous  influence,  that  has  radiated  away  through  realms 
snbtler  than  ether— through  the  thoughts  and  emotions  of  the  fellow- 
men  with  whom  he  was  brought  into  ooutaot,  and  that  may  continue 
to  reverberate  when  the  structures  of  atone  and  of  steel  he  ereoted 
hftve  crumbled  away^  for  who  can  limit  the  range  of  the  peychont 
thai  we  are  each  of  us  momentarily  emitting  from  our  brains  9 

It  is  consolatory  to  reflect  that  with  Sir  Frederick  Bramwell 
ihere  was  no  rusting  from  rest  or  indolence,  no  piteous  interval  of 
bodOy  enfeebtement  or  mental  decay.  He  died  with  his  harness  ou 
his  back.  Far  advanced  in  years,  h©  carried  into  old  age  much  of 
the  elaitietty  and  vigour  and  charm  of  youth,  and  was  always  happiest 
when  be  was  most  busily  employed.  I  recollect  bearing  him  deacf ibe 
the  premonitory  attack  of  illness  that  carried  him  ofl'^a  slight  stroke 
which  hap|>ened  three  years  ago — as  "the  melancholy  result  of  a 
fortnight's  holiday,"  **  I  was  quite  well  and  very  busy,"  he  said ; 
'*  bat  my  family  and  my  friends  nnd  doctors  insisted  on  my  having 
A  cbaogG,  so  I  went  away  and  was  idle  for  a  fortnight,  and  this  ia  the 
eoasequenoe." 
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I  His  age  was  AS  a  Instj  wititer,  frosty  but  kindlj,  full  of  bmkness 

I  und  useful  iie«s. 

I  I  need  Dot  reoount  Sir  Frederick  Biamweirs  eerrioes  bo  the  Rojal 

I  Inetitution,     These  were  euitably  and  gracefally  ockuowledged  b^ 

^^H^  our  Presidetit  on  the  oocaniou  of  the  presentation  of  Mr,  Onslow 

^^B  Ford'»  bust  of  him,  which  stands  in  the  anteroom,  and  which  will 

^^^  keep  uHve  the  memory  of  bim  when  those  who  knew  him  ha^e  passed 

W  awaj.     In  its  finaucee,  in  ita  administratioo,  in  its  scientific  depart- 

I  ment,  he  gave  it  inTnJ liable  afisistauce,  and  it  will  be  long  before  it 

I  finds  a  better  friends 

I  A  typical  EngHsbman,  bold,  upright,  straigblforward;  practical, 

I  an  eminent  engineer,  enterprising  yet  prudent,  with   a  mastery  of 

i  figures  &,m\  mechanical  problems  rarely  equalled,  an  able  BcieQtist, 

I  skilled  in  his  own  branch,  but  interested  in  all  extension  of  natnrnl 

I  knowledge — a  faithful  friend,  a  good  man,  Sir  Frederick  Bramwell 

■  was  one  whom  we  loved  and  revered  when  he  was  amongst  us,  and  to 

I  >vhom  we  would  wish  to  pay  all  possible  pogtbumoua  honour.     I  bag 

I  to  propose  the  following  Resolntion,  passed  by  the  Managers : — 

I  li^olved^  That  tlie  Miinagera  of  thu  Royal  IiiBlitntiou  of  Great  Britoin  derin 

I  to  record  their  deep  aenae  of  the  lose  fluatnineil  by  the  IimtlintiDd  in  the  deceoAB 

I  ol  Sir  Frederick  Bramwcll,  Bart.,  D.C.L.  l-L.D.  F.R.8.  M.Inflt.aE. 

I  HiB  perso^nafit^,  nnd  the  iiijL,'nal  iiemoefl  ho  rendered  to  the  InBtitation  by  his 

I  unTuryiDg  devotLon  to  and  deep  interest  in  iu  wetft^re  and  iii  the  advaaaemeiit 

M  of  axp^rimantal  i^jeaiich  for  tweuty-Beven  yeiira  as  Manager,  Hon.  Seoretaiyt 

I  and  Vic^-PreBideat,  will  be  long  rememberetL 

I  The  Maua^'ere  deaire  to  offer  Lady  HnunweU  ajid  her  family  the  expreafti^m 

'  of  the  mu^t  filiKMire  sympathy  with  them  in  their  bereuvement. 

This  was  unanimoiialy  adopted,  all  present  standing. 

The  Managers  reported  that  at  their  Meeting  held  that  d^y  they 
had  elected  Professor  Loais  Comptou  Miall,  F.E.S*,  Fallerian  Pro- 
fessor of  Physiology  for  three  years  (the  appoiutmeat  dating  from 
January  li,  1904), 

The  Pbksehts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  via, : — 

FHOM 

The  Seereiaty  e/  SiaU  for  Jftdta— Arcli»ok>gicftl  Survey  of  Western  India :  Pro- 
fjreaa  Report,  19o:i    fol* 
R<.']M>rt;  on  the  Madnts  Government  Museum  and  Conuemara  Librarr,  1903-3^ 
fn],     1908. 
A&eadiimia  dH  Lintui,  B^al^t  Eoma—Cls^m  di  Soienws  Fisiche,  Matematiche  « 
Natnnili.    Atti,  Berie  QuiDta:  E^ndieouti.    Vul.  XII.  2a  Sem&airo,  F^^c  I 
I  Nm.  8,  9.     8 TO,     1903. 

j  American  AmtUmtf  of  Art*  and  StJtejM:**— Froceodlngi,  VoL  XXXIX.  No,  4.    8to. 

'  1903. 

'  .imertcanP/fiiowphtMi^wjtWy—Froceeflinga.  Vol.  Xttll.  April-May.   8to.  1903. 

I  Aut/imobik  Cltsb— J ouma.\  for  Nor.  ia03. 

BanAm,  /?wffYtt^o/—Junr rial,  Voi  XXIV.  Part  8.     Bvo.     1903, 
i  Belgium^  Royal  Aoademv  of  Scieneet'-M^m.  Oonr.  et  dea  Sarants  etraQg.  Tome 

'  LXU.  Faso.  4.     4ty.     1903. 

MoDL  Gdu.  ttt  BUirei  Menu.  Tome  LXIII.  Fmo.  7.    Sro.     19(^. 
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Bmtom  PubJie  literary— Monthl?  Bulletin  for  Kot.  1903.    8to= 

Btitame  Seei^lf  &/  Lfmdtm  J?o^ni— Quarter) 7  Record,  Vol.  VIII.  K&  95  (July- 

Ekipt).    8to.     190,-i. 
BnfifA  ^f^fttfectB,  A^oj^bJ  JmHUtU^  0/— JoumoU  TIh'M  Scriea,  VuL  XL  Nea.  1-3, 

BriH*h  Agtronmaiixd  Atioeiatiim—JouTntk],  Vol*  XIV.  No.  I*    St&     1903. 
BrtlwA  Fire  Prmmition  €ornmitiee—OBv\u\  Report  of   the  IflterUational   FiiB 

Prevention  Con^etii*,  h^i)'.i.    foL     1903. 
Brookijpi  Jnitiihile  of  Afit  Qnd  Sciences — Cold  Spring  Hs-fbowr  MonogTapha,  I.-11. 

8vo.     190H. 
Bureau  IntemaHonal  de*  Foid»  el  iTtsfurts*— ProdeB-Yerbaux,  t^rio  2,  Tome  U. 

Cbiiaif a^  MeiioToimtieal  Serviee—  H  ep«  ^rt  fnr  [  9n  1 .     4  to .     Id03. 

Chimtcai  Indufttry^  Societi/  of— Journal,  Vol.  XXII,  Nob.  20^2*2.     8vo.     lOtfii. 

Chemical  ^wiWy— Proceedings.  VoL  XIX.  Nob.  270,  271-     Sm     1903. 

Joorti&l  fwr  Dec.  J90o.     8vo, 
C*%  Gf  Lomien  CoW«ge— The  Cftlendiir.  19(Ki-4.    8to.    190S. 
Cliniml  5beidj?— 'i>at]itM?tinijM,  Vol.  XXXVI.     8vo.     194K}. 
CVa<«pi>,  ^rddem^  of  SHencet — BulleMii,  Cln»ti4j  ties  Sciences  Matbi^toAtiqueiif 

imii.  No.  7 ;  CLi»w-  de  Philoloxie.  1903,  Noiv  6,  7.    8vo. 
Ikix,  Soci^U  de  JBoriia— Bulletlu,  tSOa,  l-2*««  Trfiiieatre.    8vo, 
J^flj*  indto  A$mmailon—3onmu.\,  Vol.  XXXV.  No.  32.    firo.     l^Oo- 
B^iiorm — American  Journal  of  Soienoe  foir  NuT.-Dec.  1903.    Atow 

Analyst  for  Nov..  1903.    Sto. 


8VfK 

8vo. 


8ro. 


8to. 


ArchiTio  *ii  Fi«oo1*>*ria  for  Not.  l&CIM. 

AttrophyMcftl  Jontnul  for  Nov.  1*J03. 

AthenAUin  for  Not.  1903,    4to. 

Anihor  for  Nut.  -  Deu .  1  &03 .    « vo . 

tkaid  of  Trtid«  Jnumcil  lor  Nov.  1903 

fi^vwert*  JourujU  for  Not.  1903,    8to. 

Ohemioal  N^wb  for  Nor.  1903.    Ito. 

Cb«miit  and  DmgjnBt  for  Not.  1903. 

Dioptrie  Bedew  for  Not.  1903.    8to, 

Eleetrical  EngiDeer  for  Nov.  1903.     fol. 

Ktcctrii^]  Iti'viciw  for  Nov.  190a.    Svo, 

Kleetricftl  Tiaitii  for  Nov.  1903.    4 to. 

Eleothcitj  for  Nov.  1903.    Svo. 

FJectn>CbetDiat  and  Mt-tallurgiiit  for  0<!t,-Nt»T.  1903.     8to. 

Engineer  for  Nov,  1903.    fol, 

Eu^inefiriDg  for  Nov.  1903.     f*>l. 

Feiidep'a  Magazine  for  Nov,  1903.    Wvo. 

HoorUBO^tijic  Roviow  for  Nov. -Dec,  190;{.     8to. 

Hiorologicul  JournRi  for  Dec.  1903.     Svo. 

Humane  KoTiew  for  Oct.  1903,    Bvo. 

Journal  of  the  liritiah  Dental  A^sooii^ition  for  Nrw.  1903.    Sto. 

Jonmal  of  Phytficftl  Cbemislry  for  Ni>t.  1903.    Sto. 

Journal  of  Stiitfi  ModJoine  for  Nov,  1903.     8v0. 

Uw  Joiminl  for  Nf)v.  1903.     8to- 

LondriQ  Techrjical  Kdncation  &[i2<;itij  for  Nov-  1903.    4to. 

I'Oiidoii  Uiiivtrijity  iinzeiUi  fo?  Oct.  Nor,  1903.    Ito. 

Machmer;  Market  for  Nov.  191J3.    Sto. 

Model  En^'ineer  for  Nov,  19(f3,     8vu. 

Mcie  i?cielltiflqije  for  Not,  1903,    Sto. 

UoUiT  Car  Jour&al  for  Not.  1903.    6to, 

Motor  Car  World  for  Ni.v.  1003.     4  to. 

Btosioal  Times  fiir  Nov.  190;;.     Svo. 

Natnr©  for  Not.  1903,    4to. 

New  Cliujcli  Magazine  for  Dec.  1903.     8ro, 

SuoTo  Cimeuto  for  June,  1903,    8ro. 

Fftge'a  MagBxiiie  for  NoT.-]>ee.  1903.    8vo. 
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£filof« — mmiinwtd 
Flkotogm^ilc  Neva  for  }foT.  1903.    8to.  S 

Phpin]  Beriew  fb?  Oct  1903.    8to.  ■ 

FopalAT  AitroiuMBj  fi^r  Nor.  1903.     Svo-  H 

Publio  Health  Eaglueer  for  Nov.  1903.    8to.  ■ 

Sci«fioo  Alntmcfi  for  Odt-NuT,  l9«Ki.    @¥0.   .  ■ 

TfftTel  for  Nt  .v.  l&OH.    Sto.  ■ 

ZoophiliHt  for  Not.-D©<?.  1903,    4to.  ^ 

Swkm/^Um&il  Sbeicry^-TraiiMctiona.  \WAy  Pan  III.    Svo. 

J^le«il«Hr,  Prof,  J.  A..  M.A,  DjSc.  F.H.S  Mill  {the  J iil4or}— Handbook  for  the 
Eleetrioal  I^faonitnF^,  YoU  IL     Bvn.     1^13. 

Ftormee,  Bi^Uoteem  Niuitmale—BnUetm  fof  Ocl.-\ov.  1903.    8vo. 

J^WtnJtJtii  /iiilil«l«- JouniAU  Tul.  CLVI.  Niie.  4-5.    8vo,     19(j3. 

GewrvpAwMil  SMnety,  iSi^yal— Jonroftl,  Vol.  XXII.  Koe^  5,  6      Svn.     1903.  ■ 

GetitG9ie<il  Society— Ahstt&vtn  of  ProoeeJingB,  Noa.  782,  T83.     1^3,  V 

Qanrterly  JnnrnRl,  V*il.  MX.  Nov  4.     Sto.     1903, 
Liiit^*l>llows.  I90ri    8m 

Forfioiiiiiifcrl  .SbetXy,  /foyai— JohtdbI,  Vol  XXVUL  Parts  1,  2.     Eto     190'^^ 

Johns  Hoptkins  Univfrttit^ — Aru&rican  Juumal  of  Philolo^*  Vol.  XXIV>  No,  X 

Sko,    am. 

Lm§kitm,  Jokm,  Bm.,  MM.l—KX'Uhm  Journal  for  Oct  1903.    gvo. 

JJm5©»  OWli«r*ll#ffle-— l.eii  TuatftlJutiniiH  el  lea  Pfoinrftmmea  de  riii«lUi]t  Eleclm- 

teebnique  Mimtoiiore.    4 to,     190^. 
LitmeanSocidy — Plf^»o*«ding5B,  c>ct.  19<KI.     8to. 
J.mrnal:    r^tany,  V.4.  XXXV,  No,  247,  Vol.  XXXVL  No.  252;    Zoology, 

Vol.  XXIX.  Ko,  IS8.    8to.     1903. 
Lbt  of  Members*  1903-4.     8vc*, 
Maiichetter  Otidlo^idal  Soetefj— Tninsiictioiui,  V<jI.  XXVIIL  Pflrts  8,  ?».   8»ci.  190:i 
Mathematitai  Sw^iet f—tndey.  to  PrtJceedings,  Vols,  L-XXX.     8to.     1903. 
JfaCft^  dE-  Cnwther^  Ifffwrf.  ((A*  /'iiWfiA#r*> — Pmcti^ul  AHTertisinR,  1W3~4.    4to. 
Metiiealand  Chirurgiial  ^^'odetif^  tityjfat—Tmnwuctiimt^  Vol.  LXXXVI.  8¥0.  lUi^Z. 
Meteoroi^fgical  (SodeJy,  /ifoya/— QuarU*rly  Joamul,  Oct.  IHOH.     8tc», 

Meteorolo^b;tl  Record,  Vol.  XXIIL  No.  89.     8vo.     1903. 
Mexico  Soewdad  Vientijka  '^AnkmiQ  jliiale"— Memorina  y  Bevista,  ToJoe  XVIII, 

3-5,  Ttime  XIX.  liHl,     Sto,     19(13. 
Napy  Lea^tM — Navy  League  Journal  for  Not,- Dec.  1903.     8fo. 
Odoniologi&il  SfcMii^TransttctiontK  Vol.  XXXVL  No.  1.    i^TO.     1903. 
rharmaetutieid  Society  of  GTmt  Britain^^Vmrtml  for  Nov.  1&03.    8to, 
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WEEKLY   EVENING   MEETINGt 

Fridftj,  Janiiftry  16»  1903. 

Sm  Jaues  CfiiOHTOK-BBoWKE,  M.D,  LL.D.  F,R,S.,  Treasurer  and 
Vij^e-Presideat,  id  the  Chair. 

Professor  8m  jAiiaa  Dewai,  M.A,  LL.D-  D.8c  F.E.S.  M,EJ. 

Low  Temperaiure  Investigation. 

In  the  Friday  Even  in  g  Di  scours  e  delivered  in  the  yew  1896,  eu- 
titled  "New  Resejircheij  on  Liquid  Air"  (l*roc.  Boy.  lust,),  it  wa« 
shown  that  seven  snt^stances,  having  very  different  ooefficients  of 
expansion,  viz,  cadmium,  lead^  copper,  silver,  calc  spar,  rock  crystal, 
silver  iodide,  all  gave  the  same  density  for  liquid  oxygen,  when 
used  to  determine  the  weight  displacetnent  in  the  liquid,  provided 
the  correcting  factor  used  in  each  case  was  the  calculated  mean  co- 
efficient of  cuhical  expansion  found  by  extending  the  values  of  Fizeau 
to  low  temperatures.  The  fact  of  the  onifoi-mity  In  the  resulting 
ox  J  gen  density  proved  that  the  parabolic  law  of  Fizeau  may  safely 
be  uaed  for  ettrapulation  at  low  temperatures  as  far  as  the  boiling 
point  of  air,  especially  in  the  case  of  the  metals. 

The  determination  of  the  densities  of  substances  at  the  boiling 
point  of  oxygen— and  hence  of  their  mean  coefficients  of  expansion 
between  that  temperature  and  ordinary  temperatures— opens  out 
a  very  large  field  of  investigation,  from  which,  if  a  sufficiently 
large  number  ol'  observations  were  available,  valuable  deduc- 
tions might  be  drawn.  On  account,  however,  of  the  expense  and 
trouble  of  producing  quantities  of  liquid  oxygen,  its  use  for  this 
purpose  is  not  likely  to  become  general,  although,  when  available^  it 
is  the  easiest  body  to  use  in  conducting  such  experiments,  especially 
when  the  vacuum  vessel  containing  it  is  immersed  iji  a  larger  vessel 
containing  the  same  fluid  or  well  evaporated  air*  The  ease  with 
which  liquid  air  can  now  be  obtained  in  many  laboratories  suggefite 
that  its  application  to  work  of  this  kind  would  be  a  convenience. 
The  use  of  a  mixture  of  varying  composition  and  density  like  liquid 
air  necessitates  a  determination  of  its  density  with  accuracy  and 
rapidity  before  and  during  the  course  of  the  experiments.  For  this 
purposej  liquid  air  that  had  been  allowed  to  evaporate  for  twenty-four 
hours  in  adTance  was  used  in  large  silyer-K^oated  vacuum  vessels  of 
some  3  litres  capacity.     In  order  to  ascertain  the  density  of  the 
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Uqaidf  a  polished  silrer  ball,  which  bad  be^ti  weighed  oDce  for  bXI  in 
liquid  oxygen,  was  weighed  in  the  aample  uf  liquid  air,  and  from  the 
relative  weighta  thus  found  the  density  of  the  liquid  air  could  be 
approximately  determiued,  that  of  liquid  oiygen  being  I  *  137.  To 
prevent  anj  disturbing  ebullition  in  the  liquid-u,ir  flask  in  which  tlie 
weighings  took  place,  and  to  reduce  the  rate  of  iu  evR-poration  to  a 
minimum  during  the  course  of  an  experiment,  the  substance  to  be 
used  was  preTiouely  cooled  in  a  supplementary  vessel  contaimng 
liquid  air  and  then  transferred  to  the  likrge  iask.  Substanoes  like 
solid  carbonic  acid  and  ice  were  weighed  in  the  cool,  gaseous  air  nf 
the  vacuum  yeesel,  and  their  weights  snbsequeDtty  corrected  for 
buoyancy.  The  teiuperatures  of  the  densest  and  lightest  samples  of 
liquid  air  were  ascertained  by  the  hydrogen  thermometer,  and  that  of 
the  others  deduced  by  graphic  interpolation.  As  the  entire  rauge 
of  temperature  through  which  the  bodies  were  cooled  amounted  to 
about  200^,  a  degree  or  two  up  or  down  ha,H  no  real  influence  on  the 
results ;  thu  extreme  range  of  tempefattire  in  the  air  samples  was 
from  83  •  S^"  to  86  •  1°  abeolute. 

Salts  were  employed  in  the  form  of  compressed  blocks.  The 
ialt,  previously  reduoed  to  a  fine  powder,  was  moistened  with  water 
and  compressed  in  a  cylindrical  3teel  mould  under  great  hydraulic 
pressure.  During  com  press  ion  the  saturated  salt  solution  drained 
ttw^jy  and  Anally  a  cylindrical  block  of  some  50  grammes  of  the 
■alt  wm  obtained  free  from  porosity  and  hard  enough  to  allow  its 
niT&oe  to  be  polished.  In  thig  form  salts  and  other  materials 
similarly  treuted  are  eiipeciatly  adapted  for  accurate  speciflc  gravity 
determinations.  After  si^ch  treatment  it  was  found  that  all  the 
mechanically  attached  water  was  got  rid  of  in  the  case  of  hydra  ted 
salts^  and  also  in  such  as  did  not  combine  with  water.  In  ordor  to 
get  cylindrical  blocks  of  the  salts  showing  no  porosity,  the  presence 
of  water^  or  riither  the  saturated  salt  solution,  was  found  to  be  essen- 
tial during  the  application  of  preBsure.  In  the  same  way  it  was 
found  to  be  an  adTautage  in  compressing  such  a  substance  as  solid 
carbonic  acid,  to  moisten  it  with  a  fluid  like  ether  before  applying 
the  hydraulic  presiure. 

Becalling  the  work  of  Flay  fair  and  Joule,*  which  origitiated  in  a 
•oggestion  of  Dal  ton's  that  the  volume  of  a  bydrated  ^It  iu  solution 
was  simply  the  Tolume  of  the  watc^r  of  cryattdlieation  as  ico»  some 
hydrateil  suits  were  selected,  as  well  as  some  other  bodies  whose 
ooefficienta  of  expansion  they  had  determined,  Substftuces  of  special 
interest  ineladL'd  in  the  list,  were  ico,  mercury,  sulphur,  iodine,  and 
solid  carbonic  acid,  the  latter  being  particularly  important  as  an 
example  of  a  solidified  gas. 

The  specific  gravity  of  the  actual  portion  of  the  subBtauoe  weighed 
in  the  liquid  air  was^  with  one  or  two  exceptions,  determined  also  al 

*  •'  BoeaiohesoQ  Alomic  Volume  and  SpecLflo  Gravity,"  Chem.  Boe.  Joar,, 
vnt  i.,  131. 
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tiie  temperature  of  the  kborutory,  about  17^  C^  From  tbc  two  sets 
of  obeerTattoDH  the  value  of  the  meELn  coefficient  of  cubieal  exparDsion 
between  17°  C.  bad  the  iemperikturo  of  liquid  air,  was  <!alciilateil,  aud 
wbeneter  the  expreiisian  coaffioleot  of  expansion  is  aeed,  tbe  rolutue 
coefficioiit  i»  meaDt. 


loB  AT  Low  Tkmpsbatpbks* 


The  a^tnal  denBity  at  the  temperature  of  liquid  air  af  pieces  of  ioe 
cut  from  lurge  blocks,  gave  tbe  value  0*92999.  The  densitj  at 
0"  being  0*91599,  thin  gives  for  the  mean  oabieal  ctrefficieot 
0' 00008099. 

We  may  take  0*0001551  aB  the  mean  coefficient  of  expanfiion  of 
ice  het^veen  0^  and  —20^  C.  Thus  the  mean  coefficient  of  expanaion 
between  0°  and  —188**  C*  is  about  half  of  that  between  0°  and 
—  20^  0>  The  mean  coefficient  of  expansion  of  water  in  pausing 
from  4"*  to  ^10''  C*  is  -0'000362»  and  from  4^  to  40^  0.  it  is 
0' 0002155,  Hence  the  mean  coefficient  of  expansion  of  ioe  between 
0°  and  —188*^0.,  is  about  ooe-fourth  of  that  of  water  between  0* 
and  lO''  C„  and  half  of  that  between  4°  and  100°  C, 

If  tbe  deneities  of  iee  at  still  lower  temperatures  oould  be  deter- 
mined, tbe  values  of  the  coefficient  of  expansion  thence  deduced  would* 
wo  have  every  roaeon  to  belie ve^  be  less  than  the  value  given  above. 
We  shall  therefor©  not  be  overat raining  the  case  if  we  use  the 
value  juet  fouod  to  determine  an  upper  limit  to  the  density  of  ioe  at 
the  absolute  zero.  The  reeult  ifi  0-9368,  corresponding  to  a  specific 
volume  1'0G75.  Now  the  density  of  water  at  tbe  boiling-point,  is 
0  -  9586  (corresponding  to  the  specific  volnnie  1  -  0432),  so  that  ice  can 
never  be  cooled  low  enough  tu  rednce  its  volume  to  that  uf  the  liquid 
taken  at  any  temperature  under  odc  atmosfihere  pressing.  In  other 
words,  ico  molecules  can  never  ho  so  closely  packed  by  thermal  con- 
traction as  the  water  molecules  are  in  tbe  ordinary  liquid  condition, 
or  the  volume  of  ice  at  or  near  the  absolute  zero  ie  not  the  minimum 
volume  of  the  water  molecules.  It  has  been  observed  by  Profe«»or 
Poyntiiig*  that  if  we  suppose  water  could  be  cooled  without  freeEing, 
then  taking  Bru oner's  coefficient  for  ice,  and  HalUtrom's  formula  tor 
the  volume  of  water  at  temperatures  below  4"  C,  it  follows  that  ice 
and  water  would  have  the  same  specitic  volume  at  some  temperature 
between  — 120°  and  — 130°  C.  Applying  then  the  ordinary  thurmo- 
dynamic  relation,  no  change  of  state  between  ice  and  water  could  be 
brought  aljout  below  this  temj»erature.  Clansiug  has  shown  that  the 
latent  beat  of  fusion  of  ioe  must  he  lowered  with  the  temperature  of 
fusion  some  0*603  of  a  unit  per  degree.  If  such  a  decrement  is 
assumed  to  be  constant,  then  about  — 130°  0,  the  latent  heat  of  fluidity 
would  vanish  -     Thus  under  a  proasure  of  about  16,000  atmoepheres 
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at  tbifi  low  temperatore  there  ongbt  tbeoretioally,  if  the  extrapolation 
pressure  were  legitimate,  to  be  no  diBtincttuD  botiveen  the  solid  and 
liquid  fonnfi  of  water.  At  temperatureB  below  thiB  limit  do  amount 
of  presenre  would  transform  ice  into  water. 

Id  inferring  at  what  temperature  tbis  kind  of  critical  point  of 
tbe  possible  transition  of  ice  into  ^vater  takes  place,  no  coneiderution 
of  the  ebauge  in  the  specific  heats  of  ice  and  water  under  tbe  greatly 
increased  presstireB  bare  been  included.  If  this  is  done^  then  it 
appeftm  that  ice  under  5D  tone  and  a  corresponding  temperature  of 
about  —  50°  0»,  wonld  be  all  Ixaneformed  into  water,  so  that  do  lower 
temperature  could  be  reached  by  any  forced  transition.  All  Bucb 
apeculationB  based  on  imperfect  data  Are  cleared  away  by  the  im- 
portant experimenl;  made  by  Tamman,  who  bas  shown  that  ice  uoder 
a  preSBUrc  of  20  to  30  tons  im  the  sq^uare  incb  and  a  temperature  of 
—  22*^  or  —  23"*  becomes  traDsformed  iDto  a  new  variety  of  ice^  which 
tmder  the  specified  conditiouB  of  temperature  and  pressure  is  denser 
than  water.  This  new  ice  bas  a  density  greater  than  water,  viz. 
1*11,  fio  that  no  amount  of  pressure  on  ice  below  the  temperature 
of  —  38°,  caD  cause  any  transition.  AH  tbe  theoretical  anticipations 
of  tbe  relations  of  ice  and  water  at  very  low  temperatures  and  high 
pressures  baTo  been  entirely  falsified  by  the  results  of  Tamman. 

l©e  near  its  melting  i>oint  o^n  eamly  be  sq^ueezcd  into  tbe  form 
of  wire  when  forced  by  hydraulic  prcsenre  from  a  steel  cylinder 
hariDg  a  small  ap^rtnru  in  the  bottom.  If  the  temtmrature  of  the 
ice  is  lo^vored  to  —80  C.  by  embedding  tbe  steel  cylinder  and 
plunger  in  solid  carbonic  acid  under  a  presaure  of  GO  tons,  the  flow 
still  takes  plao^.  The  ice  wire  was  now  mude  np  of  what  looked 
like  a  set  i>f  disc-like  scales,  which  contrasted  strongly  in  tLppearance 
with  tbe  transparent  clear  ice  wire  got  when  tbe  experiment  was 
made  at  0°  C.  On  cooling  tbe  ice  and  its  Hccessories  as  above  to  a 
temperature  approaching  that  of  liquid  air,  no  pret^sure  the  apparatus 
wonld  Btand  caused  any  flow,  but  only  intermitteut  explosive 
ejections* 

I  Water  was  frozen  in  a  steel  cylinder  in  successive  portions  so  as 
*  lo  include  lead  8hot  in  the  middle  and  upper  portions  of  the  ice^ 
and  the  whole  co<»lGd  to  —  80°  C.  It  was  now  subjected  to  100  tone 
pressure  in  order  to  see  if  the  lead  spheres  hod  fallen  partly  through 
the  ice.  After  this  great  pressure  the  ice  was  dear,  tbe  lead  spheres, 
however,  bod  now  very  irregular  shapes,  but  no  motion  of  the  kind 
anticipated  had  taken  place.  Thus  ice  under  the  pressure  of  100  totis, 
or  16,000  atmospberee,  which  by  theory  ought  to  have  lowered  tbe 
toehing  ptfint  below  —80°,  shows  no  such  action.  The  transparent 
10©  after  tbe  experiment  showed  no  increase  of  density,  but  during 
the  gradual  heating  up  from  —80°,  it  became  milk-white  from  some 
new  crystalline  urrangement.  Such  high  pressure  eiperiinents  are 
gieatly  favoured  by  the  increased  strength  of  the  steel  dies  and 
piltons  at  the  lowest  temperatures. 

lee  IB  a  highly  ezponaive  substance,  and  as  a  result  transparent 
blooks  dropped    into    liq^uid    air   craak  in  all  direotiotui  from  the 
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sudden  cooling.     That  the  eipauBibility  is  being  dimiitUbed  at  v^tj 

low  teniperatnres  iiiaj  be  inferred  from  the  fact  that  cleat  pieces  of 
ice  that  linve  been  slowly  cooled  to  the  temperature  of  li'iuiil  air  when 
dropped  into  liquid  hjdjogen  do  not  cracky  althtmgb  the  rirlatively 
Buddeo  drop  in  ^mperatnre  ie  aetoally  in  tbis  cxjiLnment  greater  than 
in  ihe  lioiilftr  efxperiment  witb  liquid  air.  The  liujiting  density  of  ice 
at  low  temperatures  mny  be  determijied  from  ohaeivingthat  it  floats 
upon  the  surface  i>f  lit|uid  ot:ygeti,  while  it  sinks  in  tiq^uid  nitrogen, 
the  density  of  tbe  former  liquid  being  1*13  and  the  latter  0*8L 

Boi^IB    CaBBONIO    AOIB    At    Low    TsHFEBATUIiES, 

The  density  of  «olid  oarhonio  mid  at  its  boiling-point  was  fop^ 
merly  given  ftS  1*5»*  but  the  mean  of  my  results  came  to  1*5S* 
Eecently  the  bauig  yalne  has  been  found  by  Behn.  Taking  this 
value  and  1*6267,  the  density  found  ftt  -  188*8°  0.,  the  mean  coeffi- 
cient of  expansion  is  found  to  be  0*0005704.  This  is  a  very  large 
coefficient  of  expansion,  being  greater  than  that  of  any  eubetanee 
recorded  in  Table  I.  on  page  423,  and  comporoble  with  that  of  sulphur 
between  80^  and  100°,  which,  aceordiag  to  Kopp,  is  0-00062.  The 
coefficient  of  expaiision  of  liquid  carbonic  acid  at  its  mtfIting*point 
taken  from  the  recent  obserratioDB  of  Bebnf  is  0*002989,  so  that  the 
rate  of  expansion  of  the  liquid  at  its  minimum  i?^alue  is  very  nearly 
five  times  tbat  of  the  solid.  When  solid  carbonic  acid  was  s objected 
to  pressure  in  the  same  steel  cylinder  as  was  used  in  the  ice  ex- 
perimer^ts,  a  wire  of  the  solid,  composed  of  a  sencg  of  adhering  disc- 
like  platee,  was  easily  formed. 

OoEFFiciRNTe  OF  EiPANBiON ;  Htdeatbi>  Salxs  ;  Oboakio  Bodiks, 

£T0.^   AT   Low    Tsifri&ATUBES. 

A  general  summary  of  the  values  found  for  the  cotifficients  of 
expHision  between  17°  and  — 188°  of  a  number  of  substances  is  giren 
in  Table  I.  on  page  423. 

In  the  solid  state  mereury  has  a  coefficient  about  half  of  that  in 
the  fluid  state,  while  sodium  has  about  tho  same  value  as  that  of 
mercury  at  the  ordinary  temper atui-e.  The  coefficient  for  sulphur  lb 
about  half  of  that  between  0  and  100°  C,  and  that  of  iodine  is  not  fiJ 
removed  from  the  value  given  for  the  solid  at  ordinary  temperaturefi. 
The  rate  of  expansion  of  liquid  iodine  te  about  three  times  this  taIw, 
The  value  found  for  naphthalin  is  about  half  that  of  the  liquid  near 
its  meitiug-poixtt. 

With  the  exception  of  carbonate  of  soda  and  chrome  alud, 
hyd rated  ealts  have  a  coefficient  of  expansion  not  diflfering  greatly 
from  that  of  ice  at  low  temperatures*  It  will  be  noted  that  iodoform 
is  a  highly  expansive  body  like  iodine,  and  that  oxalate  f»f  methyl  hm 
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nearly  &8  great  a  coefficient  as  parafiSn,  which  is  one  of  the  mo«t 

expansiire  e^jlitle. 

It  will  be  possible  by  cool  id  g  the  mould  ti  with  liquid  air  dnriog 
the  process  of  hydraulic  compresBion,  to  produce  cylindrical  blocks 
of  solid  bodies  of  lower  iDeltiDg-points,  like  alcohol^  ether,  DitruuB 
oxido,  ammonia,  chlorine,  etc.,  and  to  ascertftin  their  coefficienta  of 
eE|>BiiiaioD  in  the  B^ilid  Btate  between  the  indiyidnal  meltiiig-p4>ii]tB  and 
the  boiling-point  of  liquid  air. 

This  method,  which  works  well  with  liquid  oxygen  or  air,  fails 
with  liquid  hydrogen,  as  the  density  of  the  liquid  ia  too  small  to 
give  accurate  valnea.  For  temperatures  about  20''  ai>Btjlute,  recourse 
tuast  be  had  to  meosaretDents  ot  the  coefficient  of  linear  expansion, 
and  euch  obaerviitions  at  present  could  unly  be  applied  with  any 
accuracy  to  metallic  bodies  and  alloys. 

TiBLE  I. 


bta  of  aluminluin  (IS)*  .  ' 
of  kMnia  (10)  .  .  .  . 
of  caJdum  (6)  .  *  . 
of  [uagii{»|um  (6)      .      . 

f^otaah  oJum  (24) 

Cfatoaie  alam  (24),  large  oryiital , 

Cnrbcmftte  of  Hoda  (Itl).  ,  .  . 
Pbovphati?  of  Bod»  (12)  .  .  . 
Ujpoffxilphate  of  Bod&  (5)  .  *  , 
FRrryoyuude  of  potasdum  (0)  • 
FcvfiflTBiiide  of  potauiimi 
NilTO-p70Scidi»  of  •odimn  (4)  .  . 
Glikirid«  of  anmtofiiaia,  nrnplo  i. 
„  ,,  sample  ii, 

OiAlio  iM5id  <2) 

Oxjilitte  of  m>etb|) 

Pftraffln  ....*... 

Chloral  hjdrato      .     ,     .     .     . 

vns.,    :.,....   . 

loflofbnii.     .     i     .      ,     ,     •     . 

Iodine 

Salpfanr  ..>,...» 
MarGmy ........ 

Godlma  *......* 

Otapbite  (Cujiib«rlatid>    .     .     . 


S^, 

D«gsr.i 

1'71£M 

1'69IS 

P72S4 

1-15937 

1-7187 

1-6775 

i^Boag 

1 -561*3 

1-6414 

I'6144 

lisss 

l-aittO 

1-7842 

1-7669 

l-492fi 

1-4460 

I'M4ti 

1-5200 

1*7935 

1*7290 

1^8988 

1S533 

1*6»44 

I -BIOS 

1-7196 

1'68U» 

1-5757 

1  5188 

vm9 

J -5^16     ! 

1*7024 

1-6145 

1-5278 

1-4260 

0-9770 

0-9103 

1-2356 

11589 

1*9744 

1-9151 

1-3617 

1*3190 

4-4459 

4*1955 

4Sa4S« 

4-6tH31 

2*()SS9 

2 '0522 

14  382 

14  193 

loom 

0-972 

2"1S(»2 

2  0990 

Mean 

C««JIlcieat 
Cubioal 

a, 
O-OOd 


0811 

lOOO 
1191 
1072 
0813 
034^ 
0478 
1563 
0787 
0969 
1105 
2244 
1138 
1820 
1898 
2643 
8482 
3567 
3200 
1482 
1579 
2030 
251U 
1152 
08S7 
1865 
0733 


L  Tbe  Dgtirca  (    )  nfv  to  tbe  number  of  EbplecnlcA  of  mlnr  of  ctjiUllliiitkiii.     t  At  -38* B«« 
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Ths  Action  of  Low  TsirPEK^TirBBS  dm  Mktalb 

AJTD  Alloys. 

In  a  former  dis<x»iirs6  it  was  fihown  Uiat  all  th«  chief  metals  and 
alloys  ac<iiiire<i  a  greatly  increaeef)  cohesiTe  attractiou  at  low 
temperatures  bb  meaeured  by  the  breaking  etress,  Tbe  increase  in 
ihe  breaking  etrees  m&j  reach  from  30  to  60,  or  eren  100  per  cent- 
It  was  farther  shown  that  in  some  metals,  before  rupture  took 
place  at  the  temperature  of  liquid  air,  no  diminution  of  the  extension 
under  stress  had  taken  place  as  compared  with  similar  tests  made  at 
the  ordinary  tamperaturOt  This  led  to  testing  the  flow  of  &  metal 
into  wire  about  the  temperature  of  liquid  air.  The  only  metal  that 
could  be  examined  in  this  waj  was  Imd.  At  the  ordinary  tempera- 
tare  in  the  appaiabja  used  lead  flowed  into  wire  imdcr  a  pressure  of 
74  tone,  but  at  — 170*  C.  it  was  necessary  to  apply  the  pressure  of 
67^  UttiBf  or  nine  times  the  pressure,  to  cause  auj  flow.  In  the  same 
manner  solder  flowed  into  wire  at  the  ordinary  temperature  when 
35  tons  was  appliodj  but  at  the  temperature  of  — 170°  C*  the  ap- 
plication of  126  tons  pressure  oauaed  no  motion  of  the  alloy 
thraugh  the  aperture^  This  is  the  greatest  pressure  that  any  of  tbt^ 
dies  used  in  the  experiments  would  stand  without  explosive  rupture. 


GCOUED    BlTBDEB   FlIJf8, 

One  of  the  most  interesting  illastrations  of  the  increased  strength 
and  elasticity  of  a  body  at  the  lowest  temperatures  is  to  take  the  case 
uf  a  very  thin  transparcsnt  film  of  indiarubber.  The  film  is  stretched 
over  one  end  of  a  short  glass  tube  about  the  diameter  of  a  good  wide 
test  tube,  the  other  end  being  contracted  and  sealed  on  to  a  long, 
narrow  tube  that  after  being  bent  twice  at  right  angles,  hafi  still  one 
limb  more  than  30  in.  long.  The  film  end  of  the  test  tube  can  now  be 
unmerscM!  in  liquid  air^  while  the  end  of  the  long  tube  is  placed  in  a 
Tesael  containing  mercury ,  in  order  to  observe  the  diminution  of 
pressure  in  inches  of  mercury.  When  the  whole  test  tube  pari 
covered  by  the  film  is  cooled  in  liquid  air,  a  diminution  of  from 
9  to  10  in.  of  mercury  may  be  observed.  Under  such  oooditious  the 
film  is  perfectly  ttgbt,  provided  it  has  been  tied  on  to  the  glass  after 
a  little  coating  of  melted  rubber  has  been  applied  to  the  sort'aoe. 
No  liquid  oxygen  seems  able  to  di^aee  through  the  film,  which  ii 
indeed  remarkable  considering  the  rapidity  with  which  gaaeooB 
oxygen  is  known  to  pass.  But  the  most  remarkable  fact  of  all  is  th^t 
the  liquid  air  surronoding  the  film  may  be  replaced  by  a  vessel  con- 
taintog  liquid  hydrogen,  which  instantly  solidihea  all  the  air  in  tie 
film-enclosed  space,  giving  almost  a  perfect  vaCQum,  as  proved  by  tlie 
mercury  column  risiug  to  the  height  of  the  barometer  at  the  time,  and 
yet  the  film  stands  the  pressure  when  cooled  to  —252°  0.,  and  fnrthor 
resists  the  passage  of  hydrogen  by  molecular  difl'usion.    In  the  oouled 
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■tfttd  each  films,  when  Btrook  with  a  oofk  hammer,  give  out  a  dear 
metallic  ring^  atid  if  the  striking  is  contiaaed  daring  the  hectting  up 
of  the  film^  a  complete  gamut  of  notes  is  produced  from  the  rarjiiig 
elasticity.  After  returaing  to  the  ordinary  temperatare  the  film 
fooo^ers  all  its  ordinary  properties. 

I  MOLKCULAB    VoitUUlie    AT   THE    ZbBO   OF   TlMPBRATUfiB. 

Theoretical  formulte  enable  an  estimate  to  be  formed  of  the 
Wnrne  of  the  gram- molecule  of  many  bodies  at  the  zero  of  tempera- 
ture.  The  direct  experimental  method  is  to  ascertain  the  densities 
of  bodies  aa  near  the  zero  of  temperature  as  possible.  By  means  of 
the  UBe  of  liquid  hydrogen  as  a  cooling  agent  instead  of  liq^uid  air 
densitieB  might  be  determined  within  20°  of  the  zero.  In  the  mean- 
time the  limiting  densities  of  oxygen,  nitrogen  and  hydrogen  have 
been  found,  together  with  the  coefficients  of  expansion  alK>at  their 
boiliug  poiotfl.  The  approximate  results  are  given  in  the  followiag 
tabl©:— 

Table  II. 


I 


Oiygen 

KifercigHri 
Hydrogen 


*l  BoUlii^  ax 


l-]2 
0-80 
0^07 


Daadl7 

20**  Ab. 


1*42 
108 


it°  Ab. 


0  076 


of 


004 
•006 


Thos  solid  oxygen  and  nitrogen  are  r^pectirelj  some  18  and  14 
timei  denser  than  solid  hydrogen,  while  the  expansion  coefficients  of 
oxygen,  nitrogen  and  hydrogen  are  roughly  in  the  ratio  of  1, 1^  and  3« 
WsUi  these  values  the  molecular  volumes  at  the  abeolute  zero  can  be 
inferred,  if  we  assume  the  general  application  of  what  is  called  the 
Ifjitthias  Law  of  the  rectilinear  Bemi-iHameter.  The  valuoe  which 
result  for  oxygen,  nitrogen  and  hydrogen  are  respectively  21*2,  25 '5^ 
34 '2.  The  volume  in  cubic  centimetres  of  the  gram-moleoule  of 
these  three  elements  does  nrtt  differ  much  from  the  mean  value  £3 '  6  c.c. 
Th©  eiperiments  already  detiL^ribed  on  the  density  of  ice  and  solid 
carbonic  acid^  about  90°  absolute,  enables  an  approximate  estiniate 
to  be  made  of  their  zero  volumes,  which  results  in  the  values  of  19  *  2 
fur  the  ice  molecule  and  25*7  for  the  carbonic  acid  one.  From  these 
values  along  with  the  molecular  vulutnes  given  above  for  solid 
hydrogen  and  oxygen,  we  can  ascertain  the  volume  change  that  would 
result  in  the  formation  of  the  compound  molecules  of  ioe  and  solid 
otrbonic  avid — ^provided  tbey  could  be  formed  by  an  imagimury  oom^ 
binatioa  taking  place^  at  the  sero  of  the  solid  hydrogen  and  oxygen 
on  the  one  hand,  and  the  solid  oxygen  and  carbon  on  the  other.     Ihus 
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it  appears  that  100  Tolnmes  of  mixed  bydrogen  and  oxygen  in  the 
solid  state  would  after  combination  prodnoe  66*2  Tolmnes  of  ioe,  or 
the  contraction  would  amount  to  45  per  cent,  of  the  initial  Tolmne 
of  the  mixture.  This  Taloe  is  of  tbe  order  of  magnitode  of  the  con- 
traction which  resnlts  from  the  combination  of  oxygen  fsolid)  with 
metallic  bodies  like  liihinm  and  sodium,  which  is  about  60  per  cent 
On  the  other  hand,  the  production  of  solid  carbonic  acid  from  the 
diamond  or  graphite  and  solid  oxygen,  would  in  the  former  case 
inyolve  an  expansion  of  41  per  cent,  while  in  the  latter  the  contraction 
would  not  exceed  some  8  per  cent.  Such  considerations  confirm  the 
Tiew  that  what  we  call  the  molecular  yolume  at  zero  is  not  the  real 
Tolume  of  the  molecules,  but  includes  a  considerable  amount  of 
unoocupied  free  space. 

[J.D.] 


lOKnoN:     nil](TKO  BT  WILUAM  CLOWfK  AND  KkXI.  UMTTKO 

;rkat  wivnmu.  irraKKT,  w.,  ajid  Dm  trsKBp  nAMnmtt  murr.  t.x. 


ilogal  JnstUiition  of  C5rcat  Uritatn, 


WEEKLY  E¥ENIIJG,  arEETING. 

Friday,  Ji*liRr7  IB,  1004. 

■President,  id  the  Chair, 


^ 


BE    RtOBT     Hotf, 

F.R.S.  M.BX, 


eiidyr  of  Naturftl  PLilosophy,  RJ. 


So.D. 


Mr  subject  is  sbadowB,  in  the  literal  aense  of  the  word — shadows 
thrown  hj  light,  and  ehadowa  throwu  bj  eouud.  Th©  ordinary 
ghftdow  thrown  by  light  is  familiar  to  all.  When  a  fairly  large 
obstacle  is  placed  between  a  small  source  of  light  ami  b.  white  screen, 
a  well-dofined  shadow  uf  the  obstacle  is  thrown  on  the  screen.  This 
is  a  simple  cooseqiience  of  tlie  approrimately  rectilinear  path  of 
light.  Optical  sbadi)W8  may  be  thrown  orer  great  diatanceSi  if  the 
light  is  of  sufficient  intensity  :  in  a  lunar  oclipse  the  ghadow  of 
the  eaJlh  is  thrown  on  the  moon  :  in  a  fiolar  eclipse  the  shadow  of  the 
moon  is  thrown  on  the  earth.  Acoufltic  shadowa,  or  shadows  thrown 
by  Bouod,  are  not  so  familiar  to  most  people ;  they  are  lesa  perfect 
Iban  optica]  shadoWB,  although  their  imperfect ioni^  are  usually  over- 
estimated in  ordinary  observation b.  The  ear  is  able  to  adjust  its 
seinsitiTeness  over  a  wide  range,  so  that,  unless  an  acoustic  shadow 
is  vary  complete,  it  often  escapes  detection  by  the  unaided  ear,  the 
sound  being  sufficiently  well  beard  in  all  positions.  In  certain 
circumstanceB,  however,  aooufitio  shadows  may  be  very  pronounced, 
and  capable  of  easy  ohserration. 

The  difference  between  acoustic  utid  optical aabadows  was  constdorod 
of  «o  much  importance  by  Newton^  that  it  prevented  him  from  accept- 
ing the  wave  theory  of  light.  How,  he  argued,  can  light  aud  sound 
be  essentially  similar  iu  their  physical  characteristics,  when  light 
oasts  definite  shadows,  while  sound  shadows  are  imperfect  or  non- 
existent ?  This  difficulty  disappears  when  duo  weight  is  given  to  the 
conaideration  that  the  leogths  of  light  wayes  and  sound  waves  are  of 
difierent  orders  of  magnitude.  Yisihle  light  cousists  of  waves  of 
whioh  the  average  length  is  about  otio  forty-thousandth  of  an  inch. 
Audible  sound  consistH  of  waves  rangitig  in  length  from  about  an  inch 
lo  nearly  forty  feet :  the  wave  length  corresponding  to  the  middle  O  of 
the  njnsical  scale  is  roughly  equal  to  four  feet.  It  is,  therefore,  no 
matter  for  wonder  that  the  effi.'ctf$  produced  by  sound  waves  and  by 
light  waves  differ  in  important  particulars^ 

Moreover,  the  wave  length  is  not  the  only  magnitude  on  which  th« 
perfection  of  the  shadow  depends ;  the  aize  of  the  obstacle^  and  the 
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dislaiice  acrc<se  which  the  shadow  is  throwQt  must  also  be  taken  into 
oonsidenitioii.  The  optical  shadow  of  a  small  object,  thrown  acroes 
a  oonsiderable  distance,  partakes  of  the  Imperfectioiks  generally  ob- 
Berved  in  couneciioD  with  sound  6hadaw& 

It  was  caloalated  by  the  French  mathematician,  Poisson,  that^ 
according  to  the  wave  theory  of  light,  there  ehould  be  a  bright  spot 
in  the  middle  of  the  shadow  of  a  small  circtilar  dt&c — a  result  that 
was  thought  to  disprove  the  ware  theory  by  a  rethictio  ad  ab^mdum. 
Although  unknown  to  Poisson,  this  Tory  phenomc^noti  bad  actually 
been  obaerred  some  years  earlier,  and  was  easily  verified  tvheu  a 
suitably  arranged  oxperimeot  vfvtM  made. 

Under  suitable  couriitione  a  bright  spot  can  be  observed  at  tbe 
centre  of  the  shadow  of  a  three-penny  hit,  Tbo  coin  may  he  sup- 
ported by  three  or  four  very  fine  wiros^  and  its  shadow  thrown  by 
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Fio,  L— Repboductius  or  a  PuoriKSftAru  of  the  Shahow  or  a 
Silver  Pestnt  Piece, 


eualight  admitted  at  a  pin-hole  aperture  placed  in  the  gutter  oi  ^ 
darkened  room.     The  coin  may  be  at  a  distance  of  about  fifteen  ^^^ 
from  the  aperture,  and  the  screen  at  about  fifteen  feet  beyond  the  <5*^^?* 
To  obtain  a  more  convenient  illumination,  a  larger  aperture  itt    t 
shutter  may  he  filled  by  a  short  focus  lens,  which  forms  a  diminU*^'! 
image  of  the  sun  ;  tbis  image  serves  as  a  point   eource  of  light.      ^ 
smaller  disc  hae  &ome  advantages.     Fig.  1  is  reprodaced  from  a  ph^.y 
graph  of  the  uhadow  of  a  silver  penny  piece,  struck  at  the  time  of       ^ 
Coronation-     The  shadow,  formed  in  the  manner  just  described,  '^k^ 
allowed  to  fall  directly  ou  a  photographic  plate;  after  developmet^-^^j^ 
negative  was  obtained,  in  which  the  dark  parte  of  the  shadow  w  -jq 
represented  by  transpareut  gelatine,  wbile   the  bright  parts  w^^^ 
represented  by  opaque  deposits  of  silver.     To  obtain  a  correct  rep^^j 
sentatton,  a  contact  print  was  formed  &om  the  negative  in  the  ub\0^ 
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way,  upon  a  lantern  plate ;  and  from  this  Fig.  1  has  been  repro- 
dncecL 

It  is  at  once  evident  that  at  the  centre  of  the  shadow,  where  one 
would  expect  the  darkness  to  be  most  complete,  there  is  a  distinct 
bright  spot.  This  result  has  always  been  considered  a  valnable 
confirmation  of  the  wave  theory  of  light. 

I  now  propose  to  speak  of  acoustic  shadows — shadows  thrown  by 
sound.  The  most  suitable  source  of  sound  for  the  following  experi- 
ments is  the  bird-call,*  which  emits  a  note  of  high  pitch — so  high, 
indeed,  that  it  is  inaudible  to  most  elderly  people.  The  sound  emitted 
has  two  characteristics,  valuable  for  our  purpose — the  wave  length 
is  very  short ;  and  the  sound  is  thrown  forward,  without  too  much 
tendency  to  spread,  thus  dififering  from  sounds  produced  by  most  other 


Since  the  sound  emitted  is  nearly  inaudible,  some  objective  method 
of  observing  it  is  required.  For  this  purpose  we  may  utilise  the 
discovery  of  Barrett  and  Tyndall,  that  a  gas  flame  issuing  under  some- 
what high  pressure  from  a  pin-hole  burner  flares  when  sound  waves 
impinge  on  it,  but  recovers  and  bums  steadily  when  the  sound  ceases. 
The  sensitiveness  of  the  flame  depends  on  the  pressure  of  the  gas, 
which  should  be  adjusted  so  that  flaring  just  does  not  occur  in  the 
absence  of  sound.  If  the  bird-call  is  directed  towards  the  sensitive 
flame,  the  latter  flares  so  long  as  the  call  is  sounded  and  no  obstacle 
intervenes.  On  interposing  the  hand  about  midway  between  the  two, 
the  flame  recovers  and  bums  steadily.  Thus  the  sound  emitted  by 
the  bird-call  casts  a  shadow,  and  to  this  extent  resembles  light. 

It  will  now  be  shown  that  the  sensitive  flame  flares  when  it  is 
]>Iaoed  at  the  centre  of  the  acoustic  shadow  thrown  from  a  circular 
disc,  but  recovers  in  any  other  position  within  the  shadow;  thus 
proving  that  there  is  sound  at  the  centre  of  the  shadow,  although  at 
a  small  distance  from  this  point  there  is  silence.  The  part  of  the 
flame  which  is  sensitive  to  sound  is  that  just  above  the  pin-hole  orifice, 
■o  that  it  is  necessary  to  arrange  the  bird-call,  the  centre  of  the  disc, 
and  the  pin-hole  orifice  in  a  straight  line.  For  the  disc,  it  is  con- 
^Vttnient  to  use  a  circular  plate  of  glass  about  18  inches  in  diameter 
with  a  piece  of  black  paper  pasted  over  its  middle  portion,  a  small 
lukle  being  cut  in  the  paper  exactly  at  the  centre  of  the  disc.  The 
Slaoi  disc  is  hung  by  two  wires,  and  the  positions  of  the  bird-call  and 
■maitive  flame  can  be  ac^usted  by  sighting  through  the  hole  in  the 
Mper.  If  the  disc  is  caused  to  oscillate  in  its  own  plane,  the  flame 
wttQs  every  time  that  the  disc  passes  through  its  position  of  equi- 
libriimif  and  recovers  whenever  the  disc  is  not  in  that  position.  The 
^Ailogy  between  this  experiment,  and  that  in  which  a  bright  spot  is 
tormed  at  the  centre  of  the  optical  shadow  of  a  small  disc,  is  suffi- 
^*«Wflv  obvious. 

The  approximate  theory  of  the  shadow  of  the  circular  disc  is 

•  See  •  Proc.  Boy.  Inst.,*  Jan.  17, 1902. 
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easily  given,  and  it  explains  the  leading  features  of  the  pbetio- 
menon.  But»  e^en  in  the  Bimpler  case  of  sound,  wa  exact  calcula- 
tion which  ah  all  take  full  account  of  the  copditione  to  be  satisfied 
at  the  edge,  has  so  far  baffled  tli©  efforts  of  mathematiciAtifi.  When 
the  obBtacle  ie  a  sphere,  the  problem  Ib  more  tractable,  and,  in  a 
recent  memoir  in  the  *  I'bilosophicol  Traneactions' a  solution  is  given, 
embracing  tbe  cases  where  the  circumference  of  the  sphere  is  as 
great  as  two  or  even  ten  wave-lengths.  When  tbe  sphere  is  gmall 
relativelj  to  the  waTe-length,  the  ealculation  is  eosjy  but  the  diffi- 
culty rapidly  increases  &e  the  diameter  rises.  The  diagram  gi^es 
the  intensity  in  various  positions  on  the  surface  of  the  sphere  when 
plane  waves  of  sound,  i.e.  waves  proceeding  from  a  distant  souroej 
impinge  npou  it  The  intensity  is  a  maximum  at  the  point  0° 
nearest  to  the  source,  which  may  be  called  the  pole.  From  the  pole 
to  the  equator,  distant  90^  from  it^  the  intensity  falla  off,  and  the 
fall  continues  as  we  enter  the  hinder  hemisphere.  But  at  an 
angular  distance  from  the  pole  of  about  135°  in  one  case  and  165^ 
in  the  other^  the  intensity  reaches  a  minimum  and  thence  incrcA^es 
towards  the  antipole  at  180°. 

In  private  experiments  tbe  distribution  of  sound  over  the  surfiice 
of  the  sphere  may  be  explored  with  the  aid  of  a  small  Helmholtz  re- 
sonator and  a  flexible  tube^  and  in  this  way  evidence  may  be  obtained 
of  the  rise  of  sound  in  the  neighbourhood  of  the  antipole.  A  more 
satisfactory  dtimoustration  is  obtained  by  the  method  nlready  em- 
ployed in  the  case  of  the  disc,  the  disc  being  replaced  by  a  globe 
(about  12  inches  in  diameter),  or  by  a  croquet*ball  of  abont  3^ 
inches  diameter.  In  the  former  case  the  burner  may  be  situated 
behind  the  sphere  at  such  a  distance  as  5  inches.  In  the  latter  ■ 
distance  of  IJ  inches  (from  the  surface)  anfBces,  By  a  suitahk 
adjnetinent  of  the  flame,  flaring  ensues  when  everything  is  exactly 
in  line,  but  the  flame  recovers  when  the  ball  is  displaced  slightly 
in  a  ti^nsverse  direction.  Since  the  wavelength  of  the  sound  it 
3  cm.  and  the  circumference  of  the  croquet-ball  is  about  30  cm.,  thifi 
case  oorrespondB  to  the  curve  B  of  our  diagram. 

In  connection  with  the  mathematical  investigation  which  led  to 
the  results  represented  graphically  in  Fig.  2,  there  is  a  point  of  in- 
terest which  I  should  like  to  mention.  The  investigation  was  carried 
out  upon  the  supposition  that  the  source  of  sound  is  at  a  const demhle 
distance,  so  that  the  waves  reaching  the  sphere  are  plane  ;  and  that 
the  receiver,  by  which  the  sound  Is  detected,  is  situated  on  the 
surface  of  the  sphere.  At  any  given  position  on  the  eurfaoe  of  the 
sphere,  the  receiver  will  indicate  the  reception  of  sound  of  a  oertuii 
intensity,  which  may  be  read  oil'  from  Fig*  2,  Now  the  final  feiults 
assume  a  form  which  shows  that,  if  the  positions  of  the  source  ftnd 
the  receiver  are  interchanged,  the  latter  will  indicate  the  reception 
of  sound  of  the  same  intensity  as  inthe  original  arrangement.  Thus 
each  of  the  cnrves  in  Fig.  2  represents  the  solution  of  two  distinfit 
problems :  the  intensity  of  the  sound  derived  from  a  distant  sonroe 


I 


I 


I 


04.] 


on  Shadows, 


4B1 


\" 

^ 

1 

\ 

V       J 

\/ 

/ 

/ 

'/ 

/ 

/ 

/ 

// 

1 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

CS4       "^ 

« 

/ 

• 

o       « 


^ 


p 


to 


482  Xor(2  BayUigh  [Jan.  15, 

and  detected  at  any  point  on  the  surfaoe  of  the  sphere;  and 
the  intensity  of  the  sonnd  derived  from  a  sooroe  on  the  surface  of 
the  sphere,  and  obsenred  at  a  distant  point  This  resnlt  forms  an 
interesting  example  of  a  principle  of  very  wide  application,  which  I 
have  termed  the  Frinei^  of  Beciprodty.  Some  special  cases  were 
giyen  many  years  ago  by  Helmholtz. 

It  is  a  matter  of  common  observation  that  if  one  person  can  see 
another,  either  directly  or  by  means  of  any  number  of  reflections 
in  mirrors,  then  the  second  person  can  equally  well  see  the  first 
The  same  law  applies  to  hearing,  apparent  exceptions  being  easily 
explained.  For  instance,  snch  is  the  case  of  a  lady  sitting  in  a 
closed  carriage,  listening  to  a  gentleman  talking  to  her  through  the 
open  window.  If  the  s&eet  is  noisy,  the  lady  can  hear  what  the 
gentleman  says  very  much  more  distinctly  than  he  can  hear  what 
she  replies.  This  is  due  to  the  fact  that  the  gentleman's  ears  are 
assailed  by  noises  of  the  street  from  which  the  lady's  ears  are 
shielded  by  the  walls  of  the  carriage. 

Another  instance  may  be  mentioned,  which  will  appeal  to  elec- 
tricians. In  the  arrangement  known  as  Wheatstone's  bridge,  re- 
sistances are  joined  in  the  form  of  a  lozenge,  a  galvanometer  being 
connected  l)etween  two  opposite  angles  of  the  lozenge,  while  a  bat- 
tery is  connected  between  the  other  two  angles.  When  the  resist- 
ances are  suitably  adjusted,  no  current  flows  through  the  galvanometer; 
but  a  slight  want  of  adjustment  produces  a  deflection  of  the  gal- 
vanometer, thus  indicating  the  passage  of  a  small  current,  ^ow, 
if  the  positions  of  the  battery  and  the  galvanometer  are  interchanged, 
uitliont  alteration  of  resistance,  the  same  current  as  before  will  flow 
through  the  galvanometer,  and  therefore  the  deflection  will  be  the 
same  as  before.  Thus  with  a  given  cell,  galvanometer  and  set  of 
resistances,  the  sensitiveness  of  the  Wheatstone's  bridge  arrangement 
is  the  same  whichever  pair  of  opposite  angles  of  the  lozenge  are 
joined  by  the  galvanometer.  If  u  source  of  alternating  E.M.F.  is 
used  instead  of  the  battery,  and  a  telephone  is  substituted  for  the 
galvanometer,  then  the  principle  of  reciprocity  still  applies,  whether 
the  resistances  are  inductive  or  non-inductive. 

A  simple  illustration,  of  a  mechanical  nature,  is  now  shown. 
Fig.  8  represents  a  straightened  piece  of  watch-spring  clamped  at 
one  end  to  a  firm  support.  A  weight  can  be  hung  at  either  of  the 
points  A  or  6  of  the  spring,  when  it  may  be  observed  that  the  de- 
flection at  B  due  to  the  suspension  of  the  weight  at  A,  is  exactly 
equal  to  the  deflection  at  A  due  to  the  suspension  of  the  weight  at  B. 
This  result  is  equally  true  wherever  the  points  A  and  B  may  be 
situated;  it  applies  not  only  to  a  loaded  spring,  which  has  been 
chosen  as  suitable  for  a  simple  lantern  demonstration,  but  also  to  any 
sort  of  beam  or  girder. 

It  will  have  becotne  clear,  from  what  has  been  said,  that  waves 
encounter  considerable  difficulty  in  passing  round  the  outside  of  a 
curved  surface.     I  wish  now  to  refer  to  a  complementary  pheno- 


1904.] 


on  Shadows, 


483 


menon — the  ease  with  which  waves  trayel  round  the  inMe  of  a 
carred  surface.  This  is  the  case  of  the  whispering  gallery,  of  which 
there  is  a  good  example  in  St.  Paurs  CathedraL  The  late  Sir  G^rge 
Airy  considered  that  the  effect  conld  be  explained  as  an  instance  of 
concentrated  echo,  the  sound  being  concentrated  by  the  carved  walls, 
just  as  light  may  be  brought  to  a  focns  by  a  concave  mirror.     From 


A 


B 


I 


Fig.  3. — To  Illustrate  a  Siuplb  Mechaxical  Application  of 
THE  Principle  op  Keciprocitt. 

my  own  observations^^ade  in  St.  Paul's  Cathedral,  I  think  that 
Airy's  explanation  is  not  the  true  one ;  for  it  is  not  necessary,  in 
order  to  observe  the  effect,  that  the  whisperer  and  the  listener  should 
occupy  particular  positions  in  the  gallery.  Any  positions  will  do 
equally  well.  Again,  whispering  is  heard  more  distinctly  than 
ordinary  conversation,  especially  if  the  whisperer's  face  is  directed 


Fig.  4.— Model  Illustrating  the  Pkcuuarities  of  a 
Whisperixg  Gallert. 

alons  the  gallery  towards  the  listener.  It  is  known  that  a  whisper 
has  less  tendency  to  spread  than  the  full-spoken  voice ;  thus  a 
whisper,  heard  easily  in  front  of  the  whisperer,  is  inaudible  behind 
that  person's  head.  These  considerations  led  me  to  form  a  fairly 
aatisfactory  theory  of  the  whispering  gallery,  nearly  twenty-five 
years  ago.*     The   phenomenon   may  be   illustrated   experimentally 
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by  the  small    scale   airangement  represented  diagram matically  in 

Fig,  4.  A  strip  of  zino,  about  2  feet  wide  and  19  feet  long,  is 
bent  into  the  form  of  a  semicircle ;  this  forms  the  model  of  tbe 
whi&pering  gnllerj^  The  bird-call  B  ie  adjusted  so  that  it  throws 
tbe  sound  tangentially  again  et  tbe  inner  surf  ace  of  tbe  21  no :  it 
tbua  takes  tbe  place  of  the  whisperer.  The  sensitire  flame  F  takes 
the  place  of  tbe  listener,  A  flame  is  always  n^ore  eensitive  to  sound 
reaching  it  in  one  direction  tban  in  otbere ;  the  flame  F  is  therefore 
adjusted  so  that  it  is  sensitiTe  to  sounds  leaving  the  gjallery  tan- 
gentiaUj.  The  flaring  of  the  flame  shows  that  sound  is  reaching  it ; 
if  an  obstacle  is  interposed  in  the  straight  line  F  B  the  flame  flared 
as  before  j  but  if  a  lath  of  wood  W,  which  need  not  b©  more  than 
2  inches  wide,  is  placed  against  the  inner  surface  of  tbe  zino^  the 
flame  recoTers,  showing  that  the  sound  has  been  intercepted.  Thna 
the  sound  or^ps  round  the  inside  surface  of  the  zinc,  and  there  is  no 
disturbance  except  at  points  witbin  a  limited  distance  from  that 
ffDr&ce. 

[B.] 


1904.:  Attrx^pkjmt^U  FrM^m*.  435 


WEEKLY  EVEXIXG  MEKTINQ, 

Hn  Ghaoi  The  Dukb  or  Nokthvmbkrlasd,  K.G«  D.OJ4.  FJ^S., 
Proeidont,  in  tho  (^h»ir* 

Tbb  Kit.  Waltke  Sidorbavkis  S.J«  F.ItA.8«,  DirmsUtn 

Spec4ro$co}Hc  Simli^*  of  A$lr<nikjf*ical  Prtihl*m$ 

I  HOLD  in  my  hand  two  |)*i)oro,  prinU  <d  tho  1^J*1  Intiilntion, 
kindly  sent  mo  by  my  ftkmd  ProfiW«h>r  Dowar,  Tho  ftrti  boMrt 
the  date  24th  May,  1881),  and  is  a  disot^iinMa  by  my  itrtnloooMor, 
Ft.  Perry.  In  it  lio  says :  **  For  tho  laat  ton  ;b*oarfi  I  haTo  boon 
anxiously  ondoavonring  to  mako  St(»nyhur8t  an  ofRoiont  an  obaor- 
Tatory  for  solar  physios  as  tho  moans  at  my  disposal  would  admit/* 
It  was  tho  last  time  ho  addrosaod  you  in  this  hall,  for  tlie  olose  of 
tliat  year  was  tho  olose  of  his  life,  and  found  him  strogaling  in  tha 
disohargo  of  a  dnty  he  had  aoooptod,  which  prossoil  upon  his  sonsitiTO 
nature  so  far  as  to  hide  from  him  tho  roal  dangor  in  whii^i  ha  was  on 
the  ere  of  tho  Solar  Eolii>8o  of  l)ooembor  188tK 

It  would  be  right  on  this  oooasion  to  tako  up  tho  narratiTo  whore 
he  left  it ;  and  this  was  made  nioro  oasy  for  me  by  tho  second  ])a|>or, 
bearing  a  later  date,  April  Ilth,  1902,  by  Profossor  Dowar,  *0n 
Problems  of  the  Atmos^>horo.'  In  his  oonohiding  jtaragraph  ho 
draws  attention  to  a  doflnito  and  rational  answor  of  Arrhonius  to  tho 
question :  **  What  is  tho  eause  of  tho  olooirio  diMchargos  which  art) 
generally  believed  to  oooasion  auroras?"  Thoro  is  much  in  tho 
answer  to  favour  an  altomatiTO  hy|>othesis :  and  it  would  havo  Ihmui 
congenial  to  a  oomlmtiTo  naturo  to  haTo  plactnl  boforo  you  my 
reasons  for  preferring  a  theory  of  my  own  to  that  of  Arrhonius. 
And  I  feel  that  1  owo  an  apology  to  Profossor  Dowar  for  not  aowtpt- 
ing  in  full  the  suggestion  oontniuo<l  in  his  proHontatitm  of  the  two 
papers.  My  apolooy  is  this :  In  Octobor  luMt  two  groat  s|)ots  cnMuunl 
the  solar  diso.  The  grontor  sjKit  wiis  assooiatod  with  a  smaller 
magnetic  disturbance,  and  tho  smaller  spot  with  tho  gnmtost  magnotic 
storm  recorded  by  tho  Sttmyhurst  magnotographs.  This  contrast 
was  all  in  my  favour ;  but  tho  fscts  brought  out  so  much  sun-spot 
hteraturo,  that  1  was  ft'ightono<l  by  tho  thought  that  tho  subjoot  could 
Dot  bo  divested  of  its  worn-out  attiro,  ami  would  iu»t  alTord  that 
interest  which  is  the  one  encouragouiont  of  a  straugor  in  my  ]>oNitiou 
this  evening. 

Nevertheless,  I  am  able  to  tako  up  tho  narrative  in  another 
direction.  Fr.  Perry  hud  provided  the  ObMorvatory  with  two  costly 
•peotrometers :  a  Rowland  grating  on  a  massive  stand,  with  circles 
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and  micrometers,  for  the  prosecation  of  his  studies  in  solar  physics, 
and  a  well  equipped  prismatic  instrument  for  the  stars. 

With  the  first  of  these  I  had  hopes  of  carrying  on  Fr.  Perry's 
work  on  spot-spectra,  with  the  acknowledged  advantage  of  the  grating 
dispersion.  It  was  a  promising  field  for  work  with  an  excellent 
instrument ;  and  my  disappointment  was  great  when  I  turned  from 
the  text-hi)okB  to  the  instrument,  and  tried  to  see  what  others  had 
seen  and  sketched.  I  photographed  the  spectra  of  many  spots  in 
the  rich  year  of  1898,  only  to  learn  more  clearly  that  any  conclusions 
based  on  the  spectra  of  sun-spots  must  remain  outside  my  sphere  of 
influence.  My  last  attempt  was  an  imitation  of  a  spot-spectrum  for 
comparison  with  the  real  thing.  A  thread  drawn  across  the  slit,  and 
kept  in  a  state  of  irregalar  vibration,  gave  me  all  that  could  be 
desired,  except  the  much-needed  help  to  read  the  real  spectrum 
correctly.  The  imitation  (projection  on  screen)  seems  to  me  perfect; 
so  perfect  that  I  am  unable,  by  the  widening  of  the  lines  alone,  to  say 
which  of  the  two  is  the  counterfeit.  I  know  them  only  by  the  diamond 
marks  on  the  negatives,  and  by  the  companion  smaller  spots  on  the 
unpretended  photograph.  Others  can  differentiate  between  widened 
and  unaffected  lines,  and  they  see  all  the  lines  widened  in  the 
imitation.  This  is  as  it  should  be ;  for  the  widening  is  the  result  of 
the  well-known  photographic  effect  of  light  encroaching  on  darkness: 
the  dark  line  is  thinned  by  the  neighbouring  brightness  of  the  con- 
tinuous speclruiu,  off  the  spot,  and  hardly  at  all  in  its  shaded  band. 
Allowance,  therefore,  had  to  be  made  for  this  photographic  effect, 
and  the  difference  between  the  real  and  the  pretended  spectrum  was 
8o  small  that  nothing  remained  on  my  pliotographs  to  deal  with. 
This  experience  cast  a  doubt  over  the  reality  of  spot-spectra, 
which  has  only  quite  recently  been  removed  by  the  transparency 
now  on  the  lantern.  It  is  from  a  photograph  taken  at  the  Verkes 
Observatory,  with  a  solar  image  of  7  inches  diameter,  by  the  great 
telescope.  The  spectrum  shows  widened  lines,  which  I  do  not  Uiink 
could  bo  imitated;  and  Professor  Hale  is  probably  right  in  saying 
that  a  much  larger  image  of  the  sun  is  wanted  than  has  been  found 
possible  with  the  light  supplied  by  the  small  heliostat  at  Stonyhursi 

On  the  whole,  you  will  not  1)0  surprised  that  I  gave  up  the 
spectroscopic  study  of  the  sun-spot  problem,  and  have  since  then  left 
it  to  better  eyes. 

But  in  other  ways  the  solar  spectrograph  has  written  its  teaching 
in  clearer  characters.  It  has  given  the  answer  to  a  question  modestly 
expressed  in  the  discourse  already  mentioned:  "Might  not  the  last- 
mentioned  observations  suggest  the  question,  whether  absorbent 
vapours  may  not  sometimes  be  cast  up  from  the  seething  mass 
beneath,  although  a  down-rush  be  the  prevailing  feature  of  a  sun- 
spot?  "  The  photograph  projected  on  the  screen  is  the  spectrum  of 
a  spot,  in  the  H  K  region  ;  and  if  I  read  correctly  the  language  of 
light,  it  says,  by  these  bright  reversals  of  calcium  vapour,  that  the 
vapour  has  been  cast  up  from  the  hotter  lower  regions  high  into  the 
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soIaf  atmospliereHi  and  in  drifting  awaj  has  Mien  down  like  the  lava 
of  a  volcanic  eruptioo  down  the  slopes  of  the  crater.  Higb  in  the 
ftolar  atmuBphere  there  Is  no  absorbing  yapour  between  it  and  ottr 
spectrograph  to  dall  its  glow.  Falling  down,  it  loses  its  central  part 
bj  the  absorption  of  attenuated  vnpour  above  it,  and  shows  this 
forked  appearance  of  the  ejtretnity  at  a  di stance  frora  the  spot 

The  neighbouring  hydrogen  line,  H,,  ia  also  clearly  revefsed, 
ftnd  probably  quite  similarly,  but  it  is  much  weaker  and  shows  only 
the  form  of  the  brighter  parts  of  the  Ca  line.  It  appeared  on  four 
negatives,  exposed  within  the  same  half  hour,  on  September  9th, 
1893,  to  the  spot  on  the  eastern  limb.  Possibly  these  are  the  only 
photographs  of  a  reversed  H.  on  the  solar  surface. 

I  will  now  pass  to  the  second  instniment  left  to  me  by  Fr.  Perry, 
the  stellar  spectrometer.  It  wae  designed  for  visual  work,  fitted 
with  every  convenience  for  mopping  faint  spectra  in  the  dark.  I 
spent  hours  with  it  before  accepting  the  conclusion  that  I  could  have 
no  confidence  in  my  direct  eye-o bserrations.  Photography  was  a 
necessity  for  me ;  and  photography  was  impussible  without  altera- 
tions^ which  would  have  expusod  me  to  the  reproach  of  having  ruined 
tti  excellent  visual  spectroscope.  I  had  to  make  use  of  UitAs  of  my 
OITD,  for  I  could  not  give  up  the  stars.  These  had  alwuys  been  to 
m^  my  wonder- land  ;  and  to  gain  ever  so  little  knowledge  of  them- 
selves and  their  movements,  through  the  delicate  touches  of  light,  was 
more  attractive  than  any  diBCoveries  on  the  surface  of  a  star  so  near 
at  home  as  the  sun,  I  will  not  detain  you  with  a  description  of  my 
tools  further  than  to  say  that  I  have  never  been  ashame<l  to  ehow  and 
explain  the  ineip^nsive  additions  to  an  excellent  4-incli  refractor 
which  have  enabled  a.  small  visual  prismatic  camera  to  furnish  the 
photographic  material  tor  a  sftcctroscopic  study  of  the  problematic 
variable  star  of  the  Lyre. 

The  material  is  not  so  abundant  as  could  be  desired.  The 
phenomenally  cloudy  state  of  our  night  skies  during  the  past  two 
years  is  enough  to  account  for  the  deficiency,  without  stopping  to 
enumerate  and  explain  all  the  adversities  which  have  contributed  to 
reduce  the  collection  of  photographic  plates  to  the  54  which  go  to 
form  what  has  been  called  at  the  Observatory  the  speetro graphic  chart 
of  /3  Lyrie, 

The  star  is  a  welUknown  Vftrinble,  and  its  light- changes  have 
attracteil  the  attention  of  observers  for  over  a  century.  Its  charac^ 
teristic,  as  a  varinble^  is  an  alternately  greater  and  less  loss  of  light 
between  successive  equal  maxima,  the  cycle  of  changes  being  com- 
plete in  nearly  thirteen  days.  The  pt'r iodic  changes  are  represented 
by  tht'  curve  of  one  cycle  projected  on  the  screen,  in  which  it  will 
bo  observeil  that  the  four  extremes,  two  maxima  and  two  minima^ 
dividt}  the  cycle  into  approximately  equal  parts.  This  might  hove 
saggcsted  a  hinaiy  star  of  short  peritKi,  in  a  circular  orhit  lying  in 
our  line  of  sight.  The  two  stdrs  would  then  alternately  eclipse  one 
aaothfer,  and   one  being   brighter    than   the   other   the  consequent 
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darkenmga  would  be  uDequal.  It  was  re«er¥i3d  to  Profeasor 
PickeriDg  to  drftw  tbis  conclusion  from  Mrs.  Floraing*®  discovery,  on 
the  Harvard  spectrogram 6,  of  both  bright  and  dark  hydrogen  lines 
in  juitiipogitiioii.  These  were  found  to  oxdmnge  places  jieriodioaliy,  ■ 
and  syuchrooously  with  the  light  oliftugee,  the  bright  lines  being  ■ 
found  on  the  red  aides  of  their  dark  nompanionfl  during  the  firet  half 
of  the  light  cycle,  and  on  the  violet  sides  in  the  second  half.  This 
would  be  the  result  of  the  relative  velocity  of  the  components  of  a 
close  binary,  revolving  on  the  orbit  described,  one  giving  the  bright 
lines,  the  other  the  dark  lines ;  and  Pickering's  measure  of  the 
greatest  separations  of  the  pairs  of  linos  gave  the  relative  velocity  at 
about  300  miles  in  the  second.  This  explanation  was  simple  and 
attractive ;  hnt  the  simplicity  did  not  last  long.  Profeeeor  Vogel's 
eicami nation  of  a  goodly  eoriee  of  photographs  at  Potsdam  retjulted  in 
perplexing  variations ;  and  he  pointed  out  the  uncertainty  of  a 
velocity  deduced  from  the  separation  of  con  tree  wbich  cannot  he 
accurately  pointed,  on  account  of  their  unknown  positions  on  broad 
and  overlapping  lines. 

It  was  to  facilitate  tbe  study  of  these  new  difficulties  in  tbeir 
relation  to  the  light  curve  that  the  speotrograpbic  chart  was  compiled 
in  the  order  now  shown  on  tbe  scronn.  The  enlarged  photographs 
were  originally  mounted  in  one  column  on  a  long  cardboard,  here  in 
two  columns,  in  the  order  of  their  time-intervals  from  tbe  preceding 
chief  minimnm,  regardlefis  of  tbeir  absolute  dates.  These  intervalSi 
called  periodic  dates,  were  written,  in  days  and  hours,  opposite  the 
Bpeotrograms  in  one  margin,  and  the  civil  dates  of  the  preceding  chief 
minima  in  the  other  margin.  The  phases  of  the  light  variations  are 
thus  followed  tbroughont  the  entire  cycle  hy  corresponding  phafea  of  ■ 
the  changing  spectrum,  at  intervals  averagtug  about  six  hours.  I 

Mounted  in  this  order,  the  enlargements  were  found  to  be  &  great 
help  in  the  examination  of  the  original  negatives.  Each  of  these  was 
examined  on  the  micrometer  stage  in  connection  with  its  enlarged 
positive,  and  then  the  details,  better  seen  on  tbe  negatives,  could  be 
safely  recognised  on  the  positives  without  the  aid  of  a  magnifier* 
Oouiparisonfl  then  were  easily  mad© ;  and  the  chart  became  a  guide, 
directing  attention  to  tbe  parts  of  the  spectrum  wbich  oftlled  for 
closer  examination  on  the  otiginal  plntes^ 

I  will  first  draw  your  attention  to  some  general  features  in  tlui 
progressive  cbanges  of  the  spectrum.  And  the  one  which  claims  Hit 
first  mention  is  the  fidelity  with  which  the  same  spectral  phage  reonn 
at  the  aame  phase  of  the  light  cycle.  This  was  important  to  mt, 
because  my  arrangement  of  the  photographs  on  tbe  chart  bad  not 
found  favour  with  eminent  German  astronomers  ;  and  it  is  the  corner- 
fitone  of  my  superstructure.  I  do  not  pretend  that  no  exceptions 
will  be  found  in  the  future ;  indeed,  the  regularity  of  a  pendulum 
wonld  be  too  precise  for  eonie  of  my  propositions*  Bat  it  is  worthy 
of  notice  that  amongat  the  54  plates  which  fill  in  the  light  cyel^ 
there  is  no  case  of  going  back  upon  the  continuity  of  sucoetasiDn  in 
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the  spectral  changes,  notwithstanding  the  long  time-interval  between 
some  of  the  consecutive  periodic  dates  on  the  chart. 

Secondly.  The  brisht  lines  of  hydrogen  and  helium  lie  on  the 
lees  refractive  sides  of  t£eir  dark  companions  during  the  first  half  of 
the  period,  and  on  the  opposite  sides  in  the  second  half,  while  about 
the  two  epochs  of  minimum-light  the  pairs  of  lines  are  superposed. 
And,  so  far,  the  chart  is  a  confirmation,  in  a  general  way,  of 
Pickering's  explanation.  Neglecting  details,  we  might  say  that  at 
the  two  minima  of  light,  when  the  stars  are  in  conjunction,  with 
partial  eclipses,  they  are  crossing  our  line  of  sight,  and  there  is  no 
displacement  of  the  spectral  lines.  Midway  between  the  two  eclipses 
the  stars  are  travelling  along  our  sight-line  in  opposite  directions, 
one  receding,  the  other  approaching ;  the  bright-line-star  receding  in 
the  first  half  and  approaching  in  the  second  half  of  the  cycle  of  changes. 
Orbital  motion  in  a  plane  through  our  line  of  sight,  or  only  a  little 
inclined  to  it,  is  thus  indicated  by  the  general  aspect  of  the  chart ; 
and  the  circular  orbit  is  certainly  most  in  accord  with  the  light 
▼ariations. 

Thirdly.  There  is  a  general  decline  of  the  bright  lines  through- 
out the  light-period,  and  they  are  nearly  extinct  at  the  end.  There 
is  here  an  obvious  suggestion  of  higher  temperature  at  the  beginning, 
and  a  progressive  cooling  during  the  rest  of  the  cycle — a  condition  of 
things  not  easily  explained  on  any  other  supposition  than  that  of  a 
tidal  disturbance  at  the  periodic  returns  of  a  near  approach  of  two 
stars. 

Collating  these  three  general  views  of  the  chart,  I  consider  myself 
entitled  by  the  first,  to  treat  the  spectrographic  chart  as,  in  general 
characters,  representative  of  any  single  cycle  of  spectral  changes ; 
and  by  the  second,  to  assert  that  these  changes  must  ultimately  be 
attributed  to  orbital  motion.  The  third  is  a  suggestion,  strong  in 
itself,  but  inconsistent  with  a  circular  orbit.  And  it  remains  to  seek 
in  the  details  of  the  chart  either  confirmation  or  refutation  of 
elliptical  motion. 

To  begin  with  the  greater  eclipse,  we  note  that  just  before,  at, 
and  just  after  the  principal  minimum,  the  line  marked  H^  appears  as 
a  weak  broad  bright  band  divided  centrally  by  a  fine  dark  line,  and 
the  other  lines  are  single  and  dark.  There  is  no  displacement. 
The  bright  and  dark  lines  are  superposed  centrally,  and  the  motion 
of  the  stars  must  be  across  our  line  of  sight.  This  is  the  first  of  the 
two  epochs  of  spectral  conjunction,  and  it  coincides  with  the  stellar 
eclipsing  conjunction.  Then  comes  the  outburst  of  bright  lines,  all 
on  one  side  of  their  dark  companions,  to  your  right  on  the  screen, 
which  is  the  red  end  of  the  spectrum ;  and  they  remain  there  until 
well  after  the  second  minimum,  as  seen  on  the  26  successive  periodic 
dates,  including  the  date  of  6-20,  which  is  9  hours  after  the  second 
minimum.  It  is  not  until  17  hours  after  this  minimum  that  we 
again  find  the  spectrum  as  it  was  at  the  first  eclipse,  viz.,  a  broad  H^ 
bright  line  divided  by  a  fine  dark  line,  and  the  other  hydrogen  and 
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helium  lines  single  and  dark«  This  lb  tho  Becond  spectral  conjnnc- 
tion,  and,  nnlike  the  tiret,  it  is  retarded  oa  tbe  stellar  con  junction, 
which  of  necessity  occurs  at  the  time  of  least  light ;  and  the  retarda- 
tion ia  about  24  hours,  between  the  periodic  dates  of  7-4  and  7—19. 


„^€ax   Vti^Kif^   arn£    JHax  ^Tpec/ra/  i^44fpfacf/rvtf^    -f- 


of      £cfMj» 


rV 


*Ata^.    Vt^oci/f     *       .^tLX     jjirec/r-ft/     i£fS^i.a.ct tr%et*^  — 


We  have  here  direct  indication  of  elliptical  motion,  ae  may 
seen  in  the  diagram  projected  on  tho  ecroen.    Suppose  an  elliptic  orbit 
of  a  star  S  about  another  star  occupying  the  foe  as  nearer  to  Earth* 

t  Rambaut, '  On  the  FariLlJas  of  the  Etoabk  Btjirm,'  ilfonlAJfy  NgUm^  B.AM^  ' 
f  oh  50,  p.  305. 
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and  the  major  axis  inclined,  in  the  plane  of  the  orbit,  to  our  line  of 
sight,  represented  by  the  arrow-headed  parallel  lines.  The  line 
8|  S3  is  the  line  of  eclipses,  or  stellar  conjunctions,  and  the  two 
lines  of  sight  drawn  normab  to  the  curve  are  the  two  lines  of 
spectral-conjunction,  when  the  star  is  moving  in  the  tangent  at  right 
angles  to  the  sight-line.  It  is  obvious  that  the  excentricity  of  the 
ellipse  and  the  inclination  of  the  axis  may  be  such  ao  to  leave  no 
measurable  time-interval  between  the  stellar  and  spectral  conjunctions 
at  periastron,  while  the  latter  is  considerably  retarded  at  apastron. 

The  importance  of  this  retardation  led  me  to  look  for  some 
independent  confirmation  of  it,  and  I  found  it  both  in  H«  and  in  H^, 
but  only  in  such  manner  as  to  show  that  with  more  photographs 
dnstering  about  the  two  epochs  there  might  be  confirmation  amounting 
to  certainty. 

The  line  H«  has  a  dark  line  at  a  little  distance  on  the  more 
refrangible  side,  which  gives  it  the  appearance  of  a  double  dark  line 
graduidly  closing  up  and  reopening  in  the  progress  of  the  light 
period.  This  appearance  was  found  to  be  partly  true  by  their 
measured  length-intervals,  as  may  be  seen  in  the  tabulated  results 
projected  on  &e  screen.  In  this  table  the  two  dark  lines  are  denoted 
by  H«  for  the  hydrogen,  and  c  for  its  companion.  There  are  14 
measores  of  the  length-interval  H«  ~c  in  the  first  half  of  the  cycle, 
and  12  in  the  second  half.  All  the  plates  were  measured,  but  only 
these  could  be  measured  accurately.  On  many  plates  the  line  e  is 
very  weak,  but  these  confirm  the  tabulated  numbers  inasmuch  as  all 
belonging  to  the  first  half  of  the  light  period  gave  readings  below  the 
general  mean,  and  those  of  the  second  half  gave  readings  above  the 
mean.  The  mean  difference  between  the  two  sets  of  readings,  treated 
as  a  Doppler-effect,  would  give  a  relative  velocity  of  the  origins  at 
about  100  km/sees.  I  have  no  doubt  that  Vogel's  objection  applies 
here,  and  that  the  cause  of  the  apparent  shifts  of  the  lines  is  the  one- 
side-thinning  of  dark  H,  by  its  bright  companion.  This  would 
throw  the  apparent  centre  nearer  to  the  fiducial  line  c  in  the  first 
half,  and  further  away  in  the  second  half  of  the  period.  The  range 
of  the  readings  could  not  be  expected  to  give  a  reliable  amplitude  of 
the  oscillating  displacement  of  the  bright  line,  from  which  the 
velocity  could  be  deduced ;  but  the  mean  of  the  measures  should  give 
the  aero  of  displacement,  and  this  is  the  reading  of  the  plate  belonging 
to  the  periodic  date  7-4.  Unfortunately  it  is  the  only  plate  available 
lor  the  measurement  between  the  dates  5-9  and  9-1 ;  but  on  it  the  two 
lines  are  very  fine  and  clear,  and  its  date  separates  all  the  lower 
leadings  which  precede  it,  from  all  the  higher  readings  which  follow 
it  In  this  way  the  result  is  a  striking  confirmation  of  the  one-day 
leiudation  of  the  second  spectral  conjunction.  It  would  be  more 
latiBfiMstory  if  the  coincidence  of  the  first  conjunctions  had  also  been 
indicated  by  the  readings  at  the  principal  minimum.  These  indicate 
oorreotly  a  preceding  spectral  conjunction,  but  occurring  about  eight 
hours  too  soon.    But  on  the  plates  at  this  epoch  the  two  lines  are 
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neither  sh&rp  nor  thin,  but  wide  and  ill  defined,  fttid  w@  &m  more 
dependent  n{»on  a  mean  valne  from  inanj  plales  which  &re  wanting. 

A  more  complete  result  ie  offered  by  the  similar  relative  oscilla- 
tions of  the  dark  component  H^.  These  measiires  were  ready  in  the 
tabulated  acale  readinga  of  the  promineut  lines ;  and  the  results  are 
shown  in  the  second  part  of  the  tahle  on  the  screen,  in  meaaures 
referred  to  the  centre  of  dark  H^.  There  is  a  clear  relative  o&cilla- 
tion  of  the  line  between  a  well-marked  minimnm  and  a  weU>marked 
maximnm  distance  from  H^  ;  and  the  mean  of  the  two  oecura  twice 
in  the  light  period,  on  the  dates  (M),  0^5,  0-6,  and  again  on  7-4, 
7-6,  indicating  the  Bpectial  oonjnnetioiia  at  the  first  minimum  and 
about  18  hours  after  the  eeoond  minimum. 

It  is  only  necessary  to  add  that  the  apparent  oscillation  of  dark 
H^'  is  the  indication  of  the  real  oscillation  of  bright  H-^,,  But  it  may 
be  well  to  point  out  the  cause  of  the  oscillation  appearing  in  H^-^  Mid 
not  in  the  other  hydrogen  lines.  In  the  first  half  of  the  period,  the 
fiducial  point  of  the  Fcale  readings  is  the  centre  of  that  part  of  dark 
Hy  which  is  seen  (»utaido  the  bright  line  towards  the  violet  end  of 
the  spectrum ;  in  the  secoud  half,  the  fiducial  point  is  shifted  to 
another  part  of  the  same  dark  line,  viz.,  tho  centre  of  the  red  side 
part.  The  other  hydrogen  lines,  II4  iiud  H,  are  aftected  in  the  same 
manner  as  U^.  Not  so  Hy  ;  this  dark  line  ap{>earfi  in  the  secoud 
half  of  the  period,  with  both  edges  visible,  and  its  centre  (omitting  a 
smaller  ehauge  to  be  considered  later)  is  practically  the  same  at  both 
epochs ;  its  apparent  shift  in  one  direction  is  the  real  shift  of  the 
^ro  point  in  the  opposite  direction. 

We  have,  theretore,  I  venture  to  say,  a  good  probability  in  favour 
of  the  elliptical  orbit ;  and  we  must  now  look  to  other  details  of  the 
chart,  to  see  in  what  way  they  may  or  may  not  support  the  coocln- 
fiion. 

And  first,  for  the  greatest  development  of  the  bright  lines,  we  fiud 
them  at  their  best  on  the  plates  of  I- 11  and  1-14,  periodic  datei, 
and  again  on  a  more  recent  photograph,  too  late  to  fi,nd  its  place  on 
ihfi^  chart,  on  1-9  date  :  while  at  0-17  they  are  still  quite  weak 
They  come  out,  therefore,  it  may  be  quite  suddenly,  between  theiA 
dates,  or  about  one  day  after  the  principal  minimum.  It  has  long 
heen  known  that  this  esceSBive  strength  is  associated  with  the  epoch 
of  chief  minimnm,  and  the  effect  has  been  attributed  by  Dr.  Vogel 
to  covtraet  with  the  weaker  continuous  spectrum  at  the  minimum  of 
light,  Contrafit,  of  itself,  ii  certainly  enough  to  account  for  much  j 
but  it  does  not  answer  in  this  case  to  the  chart.  The  chart  shows 
the  lines  strong,  not  aMhe  chief  minimum,  but  well  after  it.  Now 
contrast  should  be  the  same  before  and  after,  for  the  coutinuoBs 
apectrum  is  equally  weak  on  both  sides  of  the  minimnm  ;  and  yet  on 
the  fourteen  dates  between  the  second  maximum  and  the  chief  mini- 
mum,  following  one  another  at  short  intervals  of  the  series  up  to 
within  seven  hours  of  the  minimum,  there  are  no  strong  bright  lines, 
but  on  the  contrary  they  are  weak  and  dying  out.     I  gee  no  answer 
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to  thisj  and,  mnirati  failing,  ih^re  renminB  ody  greater  intemitif  to 

frooaont  for  the  tempor&rj  strength  of  the  lines. 

To  me,  tberef are,  the  more  probable  interpretation  of  the  chart 
is :  that  ahortlj  after  the  chiof  mmimum  there  is  a  more  or  lefii 
sudden  eTolntion  of  heated  gases,  which  cool  down  during  the  reet  of 
the  period.  Tho  declioe  of  the  bright  liaeB  is  in  strict  harmonj  with 
this  &11  of  temperature,  allowance  being  made  for  an  apparent 
rerifal  after  the  second  spectral  conjunction  during  which  thej  are 
bidden  hj  the  masking  effect  of  the  dark  lines.  The  periodic  rise  of 
temperatnre  is  quick  and  its  fall  is  alow,  as  might  be  expected  from 

ta  tidal  disturbance  at  the  near  approach  on  an  elliptical  orbiL 
Secondly.  The  highest  temperature,  brought  ont  by  tidal  actiou, 
ma  J  be  expected  shortly  after  the  near  approach  of  the  stars  ;  and  the 
whole-da^ -delay  in  the  manifestation  of  the  brigbt  lines  is  possibly 
too  long.  But  the  greatest  heat  and  greatest  light  need  not  go  band 
in  lumd  together.  Heat  may  have  done  its  work,  and  tbe  light  display 
ouy  be  delayed  until  the  masking  oS^ect  of  the  superposition  has  been 
lieoiOTed  by  the  separation  of  the  brigbt  and  dark  lines,  which  is 
always  the  condition  of  this  bright  eTolntion, 

Thirdly.  At  this  first  appearance  of  separated  brigbt  and  dark 
lines,  the  reUtive  displacement  is  already  well  advanced  as  early  as 
33  hours  after  conjunction  at  the  minimum.  It  is  so  far  advanced  that 
it  may  already  have  reached  its  maximum,  for  tbe  measured  width  of 
the  bright  part  difiters  so  little  from  the  subsequent  measures  in  the 
series  tkat  it  cannot  be  ftsserted  confidently  that  there  is  any  greater, 
^d  ibis  eitrly  indication  of  the  maximum  velocity  in  the  sight-Una 
is  in  keeping  with  the  quick  swing  back  on  an  elliptical  orbit,  and 
inifKissible  in  the  slower  rounding  of  the  circle. 

Fourthly.  To  consider  a  hitherto  neglected  peculiarity  in  the  be- 
havioor  of  the  line  marked  H^>  you  will  see  on  the  spectrogram  at  six 
hours  after  tbe  chief  minimum  that  this  Line  has  anticipated  the  other 
lines  of  tbe  spe<itrima  in  appearing  with  its  one-sided  brigbt  line.  It 
is  <}uit6  24  hours  earlier  ;  and  it  boa  lost  its  more  refracted  bright  part 
witljout  any  gain  of  width  on  the  opposite  side  ;  the  more  refracted 
pttrt  §eems  to  have  simply  vanished.  I  can  only  think  of  two 
possible  explauationa.  Either  the  two  brigbt  lines,  as  seen  on  the 
pferious  date  0-5,  are  parte  of  one  broad  hydrogen  line  which  has 
oootxacted  asym metrically ^  so  far  as  to  show  nothing  on  the  moid 
refrsctivo  side ;  or  they  are  separate  lines,  and  one  of  them  hum 
taiushed.  Of  these  suppositions  ihe  first  has  against  it  serious 
difficulties,  which  must  be  passed  by  bere  as  requiring  too  long  a 
immBsiotif  m\d  may  bo  omitted  without  loss:  for  tbe  periodic  en- 
iMipjig  and  thinning  of  the  line  cannot  well  be  accounted  for 
oUiarvrise  than  as  an  effect  of  disturbances  set  up  at  tbe  near  approaches 
of  two  stars,  a  state  of  things  which  implies  elliptical  motion,  and  is 
ih©  condition  wanted  for  the  simpler  explanation  of  the  one  of  two 
liae«  disap|>oaring. 

Supposing,  tberefor-e^  that  at  the  principal  minimum  there  are 
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two  brighfe  lines  x  and  ^,  the  more  refiticted  x  has  yaniBlied  at  shoni 
flii  hours  after  this  minimum,  and  tlo^s  not  reappear  fur  some  daya 
in  tb©  period.  It  may,  therefore,  have  disappeared  through  the 
increment  of  temperature,  brought  about  at  the  tidal  disturbance  of 
the  periastron,  as  the  same  Hue  manifestly  disappeared  in  the 
spectrum  of  the  great  Nov^a  of  Perseus,  The  changea  in  the  NoTa's 
fijiectrum  are  now  projected  on  the  screen.  There  are  four  spectra  of 
two  very  diflfereiit  types  following  alternately.  The  dates  are  writtea 
ID  the  margin ;  and  you  will  observe  that  the  change  from  the  earlier 
type  to  the  now  type  of  March  25tb  and  28th  was  very  rapid.  It 
occurred  within  the  24  hours  from  the  27th  to  the  28th,  and  also 
between  the  21st  and  22Ed,  for  on  March  22nd  a  very  good  photo- 
graph was  obtainetil,  precisely  the  same  as  on  the  25tb,  but  the  dear 
sky  break  in  the  clouds  was  of  short  duration,  and  the  trail  on  the 
plate  gave  too  narrow  a  spectrum  for  a  good  reproduction.  Confining 
our  attention  to  the  H^  line^,  we  find  in  it  the  same  changes  as  in  the 
spectrum  of  y3  Lyra&.  It  has  a  broad  and  bright  extension  on  the 
more  refractive  side,  on  March  25th  ami  28thf  coveting  the  whole 
interval  between  H^  and  H^  ;  and  on  the  21st  and  27th  the  extensioQ 
has  vanished.  There  can  be  no  doubt  about  the  apparent  eiEtension ; 
it  cannot  he  of  hydrogen  origin.  This  is  manifest,  first,  by  ita 
position  in  Uio  spectrum,  and,  second,  bj  the  distinctly  weaker  part  of 
the  whole  band,  which  is  the  true  B^^  line,  known  by  its  position  and  ■ 
by  its  relative  weakuesa  in  the  series  of  hydrogen  lines.  ■ 

Comparing  these  spectral  changes  of  the  Nova  with  its  light 
curve,  as  plotted  from  the  excellent  aeries  of  measures  made  at  the 
Kadcliffe  Observatory,  Oxford,  the  apparent  extension  occurs  at  the 
miiiima  of  the  light.  And  taking  these  meiieured  magnitudes  for  otir 
thermometric  indications,  the  extension  vanished  at  the  higher  tem- 
peratures and  appeared  at  the  lower  temperatures.  It  was  a  new 
bright  band  which  appeared  for  the  first  time  on  Moj-ch  22nd}  wbfiu 
the  temperature  of  the  star  had  fallen  below  the  dissociation  tempem- 
ture  of  the  origin,  probably  cyanogen.  The  subsequent  osciliatiou^ 
of  heat  wore,  for  a  time,  crossing  the  diesucmtioii  point,  until  thi 
temperature  of  the  star  had  fallen  permanently  below  it,  when  th** 
earlier  siiectral  type  was  finally  lost.  This  interpretation  yoa  will 
find  confirmed  in  a  remarkable  manner  by  the  tabulated  comparisoiM 
of  the  star's  light-magnitudes  with  the  two  types  of  its  sjTectrim. 
The  table  shows  (projection  on  screen),  without  any  excejition,  ihii 
the  new  bright  band  appeared  only  wh«n  the  magnitude  of  the  fUf 
iras  below  4'57;  and  the  toniperature  indicated  by  this  magnitwli 
is  probably  the  dissociation  temperature  of  the  origin  ;  for  the  plit'J 
referred  to  in  the  table,  as  exposed  on  the  night  of  this  magni- 
tude of  the  s^LT,  shows  an  undecided  speotrnm,  belonging  partly 
to  both  types,  a  notice  of  which  was  seat  to  the  R.A,S,  befoTO 
the  magnitudes  were  published. 

The  oscillations  of  heat  and  light  may  well  he  explained  in  the 
Nova  by  the  oscillating  volume  of  gaseous  matter  evolved  at  tho 
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gretki  catastrophe^  Vfhich  m  its  dilatatioti  and  oontracHon  w&s  alter* 
AuUly  cooler  aud  ho  tie  r-  And  to  return  to  the  same  line,  x^  iu  tbo 
epi^otrum  of  0  Lyres,  is  it  not  pos3ibl6  that  we  hare  her«)  also  au 
o&ciUatU]g  teiuperaturo  brought  about,  sot  as  in  the  Nova  by  com- 
prefegion  and  rarefaction,  but  by  the  periodic  approach  and  receaaion  of 
tviro  atara,  and,  in  eousequGuce^  a  temporary  aitinction  of  the  line  at 
the  higher  temperature  of  perioeutre  ? 

This  was  tho  thought  that  led  jn^  to  a  careful  and  ofton  re]>eated 
meaHnremeut  of  the  total  width  of  the  composite  line  H^  on  all  the 
pUtea  of  the  aeries.  For  the  line  ic  might  be  present  whenever  the 
total  width  was  grcatoat,  although  posBibly  hidden  by  the  dark  line ; 
and  it  would  be  absent  when  the  whole  band  was  distinctly  narrower. 
The  ujeasares  went  very  well  in  favour  of  the  hypothesis  until  the 
laai  (quarter  of  the  period  was  reached,  as  is  now  exhibited  in  the 
abridged  tabulations  on  the  screen.  At  the  principal  mini  mum  on 
five  dates,  from  10  hours  before  it  to  5  hours  after  it,  the  mean 
width  is  20 '3  micrometer  divieiona  between  extremes  22  and  13^ 
On  eleven  dates  between  the  periodic  dates  CU6  and  2^ IB  the  mean  is 
15-5  between  extremes  17  and  14  ;  and  on  the  twenty-tliree  dates  fr<jm 
S-20  to  0-1 4  the  mean  is  up  again  to  22  divisions  lietween  extremes 
of  24  and  IS.  But  in  the  last  quarter  of  the  period  the  mean  width 
m  down  agfun  to  16-5  divisions.  Except  for  this  fall-ofl:  the 
demonstration  would  be  complete.  Omitting  it  for  the  moment, 
we  have  the  Darrower  width  only  for  about  two  and  a  half  days  attar 
the  priucipal  miuimum^  indioating  a  tem[H>rary  extinction  of  the  line 
X  d tiring  the  period  of  highest  temperature  above  the  diseociation 
point.  But  the  same  indication  recurs  towards  the  end  of  the  cycle, 
when  the  temporattiro  should  be  lowest.  la  this  a  dear  negation  of 
the  hypothesis  ?  I  think  not ;  for  all  the  bright  LLaea  are  weaker  at 
this  time,  and  the  tine  ^  is  a  weaker  line  than  its  companion  lino  if, 
and  fails  more  on  its  more  refractive  side;  the  losaof  width  at  this 
time  may  therefore  be  owing  only  fct>  j;eneral  loss  of  light. 

But  a  more  important  objection  hus  yet  to  bo  met  We  have 
■een  that  dark  H^;  bisects  the  broftd  bright  line  at  the  principal 
minimum  ;  and  I  offered  this,  together  with  the  apparent  concentric 
pticilioiis  of  the  other  pairs  of  bright  and  dark  liueg,  oa  evidenco  of 
■p^otral  conjunction  at  the  principul  minimum^  a  proposition  which 
is  incompatible  with  a  foreign  origin  of  the  part  I  liave  called  m. 
The  auawer  is  found  in  the  table  of  &gures  showing  the  apparent 
OtdU&tion  of  dark  H^^  The  mean  |X)sition  of  this  line  is  not  the 
true  posit  ton  of  the  hydrogen  line.  It  is  q^nite  three  micrometer 
divisions  to  the  more  refractive  side.  This  might  be  accepted  as  a 
probable  error  of  a  single  reading,  but  not  as  the  mean  of  li 
mcasnreti  on  different  plates.  The  true  hydrogen  t  centre  is  well 
within  tlie  red  side  part  of  the  bright  line%  supposing  it  to  overlap 
thu  dark  line ;  and  the  dark  line  may  be,  what  its  appearance 
suggests,  A  stranger,  fof  it  has  not  the  family  iikeness  of  the  other 
bjdrogeu  lines*     It  iB  natural  to  ask ;  What  has  become  of  the  lino  ? 
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Tbe  only  answer  I  can  giTe  is  bj  the  same  question  on  another  star* 
ftpeotnuD,  the  spectmm  of  o  Ceti.  You  see  on  the  soreen  those  two 
brill iatit  lines,  H^  and  H^  :  What  has  become  of  H^^  H^,  aud  H»  f 
The  latter  could  not  appear  in  the  photograph,  but  it  baa  beea 
flear«bed  for  in  Tain  as  a  feature  of  the  yisaal  spectrum. 

I  hay 6  now  put  before  yon  all  the  parts  of  mj  speotroecopic  study 
bearing  upon  Oio  interesting  problem  of  the  form  of  the  orbitiil 
motion  of  p  JjjTm.  Tlie  Telocity  of  this  motion  is  another  problem^ 
the  interest  of  which  is  enhanced  by  the  difficulties  attending  its 
eralnation.  It  will  have  been  already  ob&etved  that  an  eclipeing 
pair  of  stars  must  have  theii'  motions  at  some  part  of  their  orbit,  verj 
nearly  in  our  line  of  sight.  And,  if  the  orbit  is  circular,  the  maii- 
mum  ineaeured  velocity*  on  the  Doppler  principle  of  line  diaplace- 
ment,  must  be  the  uniform  Telocity  of  the  motion^  and  muet  be  found 
at  the  times  when  the  stars  are  to  us  in  quadrature ;  whereas,  in  au 
elliptical  orbit  the  maximum  velocity  must  occur  nearer  the  epoch  of 
pericentrc  If^  then,  we  could  measure  the  displacement-Boparations 
of  the  bright  and  dark  companion  lines,  and  in  the  process  fix  ale^} 
the  epochs  of  greatest  aud  zero  f^parations,  we  should  be  able  to 
decide  the  question  between  circular  aud  elliptical  motion^  as  well  as 
quote  the  relative  velocity  of  the  pair  of  stars,  independently  of  any 
motion  of  the  system  in  space*  But  here  we  meet  with  the  obstacle 
already  alluded  to,  which  throws  douht  on  all  direct  measures  of  the 
relative  displacements  of  broad  lines,  viz.,  the  unknown  positions  of 
their  spectral  centres — the  positions  in  which  the  lines  would  h? 
fouud  when  reduced  to  the  thinness  cbaracteristic  of  the  more  perfect 
gaseous  state  of  the  origin. 

An  indirect  method  of  solving  the  problem  was  suggested  by  the 
tabulated  widths  of  the  components  of  the  composite  hand  at  H^,  For 
«Lmplicity  of  expression  we  may  ti^nsfer  all  the  relative  motion  to  oue 
of  the  pair  of  stars  about  the  other  at  rest.  The  method  may  theu  be 
described  as  the  m^surement  of  the  arithmeticMil  SEm  of  the  opposite 
displacements  of  the  same  spectral  line  at  two  opposite  epcxuis,  h 
place  of  the  relative  displacement  of  the  two  lines  at  the  same  epocb. 
The  method  was  possible  with  the  H.-  line,  b^sause  its  red  d<l« 
bright  edge  was  never  absent,  never  masked  by  the  dark  line.  Tlie 
measures  could  be  taken  from  the  centre  of  the  dark  line  to  ih^ 
edge  of  the  bright  line*  And,  sup]K)siug  the  bright  line  star  to  ^ 
the  raoTing  one,  the  measures  would  be  greater  when  the  motion  *is 
from  us  ;  and  half  the  difference  of  the  greatest  aud  least  measurei 
would  give  the  ose illation  amplitude  of  the  bright  line,  and  col- 
sequently  the  maiimum  relative  velocity  of  the  stars.  The  epoob 
of  the  greatest  and  iesBt  measures  would  determine  the  points  on  tli£ 
orbit  of  greatest  positive  and  negative  velocities,  and  those  of  tli« 
mean  measure  would  settle  the  points  of  spectral  conjunctioa. 

The  method  supposes  constancy  of  width  of  the  lines ;  and  tbii 
tnaj'  be  incorrect  physically,  or  apparently  falsified  by  atmospheric 
conditions.      But  both    these  variations   might   be   expected   k*  Iw 
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b&lftnc^  in  a  large  number  of  meaaurea  on  different  civil  dates, 
nulees  we  auppoae  a  periodic  widening  of  tlie  bright  Hue,  wbioh 
coiild  only  be  explained  by  greater  presfinre  at  a  pericentre ;  and  the 
Admisaion  of  a  pericentre  is  ibe  acceptance  of  an  elliptic  orbit.  The 
only  ajstematio  error  remaining  is  the  fraction  of  a  meaanrement 
due  to  a  Binall  abift  of  tbe  apparent  centre  of  the  dark  line.  The 
dark  line  m  measurably  thinner  when  the  bright  line  ie  seen  on  both 
•ides  of  it  than  when  seen  on  one  side  only,  and  half  the  difference 
appears,  in  my  trial  of  the  method,  to  be  a  satiefactory  correction. 

It  IB  obTions,  from  this  description  of  the  snggeeted  method  of 
dealing  with  the  Telocity  problem^  that  many  photographe  are  wanted 
on  different  civil  dates  for  the  elimination  of  errors ;  and  at  least 
four  times  the  nnmber  would  be  necessary  for  a  determination  of  the 
four  epoohs  of  maximum  and  mean  diBplacemonts.  But  tbe  need  of 
a  great  m altitude  of  obBervationfi  has  naver  yot  blocked  the  way  of  a 
zealooB  aatronomer,  nor  is  he  now  deterred  by  the  weight  of  pboto- 
gmpbic  plates  to  be  packed  in  his  store  room.  You  could  hardly 
expect  me  to  place  l^fore  you  any  resalt  obtained  from  the  small 
number  of  plates  in  my  present  ooUection*  Bat  the  trial  was  made, 
and  I  will  venture  to  show  you  the  figures,  confident  that  yon  will 
not  condemn  my  method  of  studying  the  problem  on  account  of  its 
present  shortoominge.  The  tabnlationB  on  the  screen  give  the  mean 
greatest  leugth-iuterval  from  the  centre  of  the  dark  line  to  the  edge 
of  the  bright  line  at  16-3  divisions  of  the  micrometer  head,  from 
18  dates,  between  extreme  readings  of  18 '6  and  14*0  divisions;  and 
tbe  mean  least  length  at  7-5  divisions,  without  variatious  on  four 
waooBmiwe  dates.  Tbe  differenGo,  8*8,  is  a  little  too  great,  owing  to 
the  encroochmeDt  of  the  bright  line  already  mentioned,  and  the 
conpeclion  is  shown  in  the  lower  half  of  the  table*  The  reaulting 
maximum  relative  velocity  of  the  stars  is  120  km,/ sees, ;  and  this  is 
encouraging  when  taken  in  conjtmctton  with  Belopolsky's  direot 
measures  at  the  Palkowa  Observatory:  for,  on  the  supposition  of 
a|tial  velocities,  the  maximum  sight^ine-velocity  of  either  star  with 
reference  to  the  sun  would  be  60  km./secs.,  to  compare  with  the 
67  kms.  given  by  tbe  light  power  of  the  great  Bussiau  telesoope. 

In  the  next  table  (projection  on  screen)  we  have  tbe  analysis  of 
tbe  meaaures  which  would  point  out  tbe  four  epochs  wanted,  if 
the  number  of  dates  were  great  enough.  At  present  the  table  offers 
no  certainties.  Of  the  four  epochs  iudicated  in  it  two  are  in  favour 
of  elliptical  motion  and  two  are  against  it,  while  all  four  are  im- 
pcmble  in  a  circalar  orbit.  The  two  epochs  which  favour  the 
ellipse  are  well  marked  in  the  tabulations,  one  within  15  hours, 
the  other  within  24  hours  intervals  ;  but  the  number  of  dates  within 
«ach  interval  is  too  small.  And  for  the  unfavourable  epochs,  the 
number  of  dates  might  be  enough,  but  they  spread  over  long  intervals 
of  tbe  eycle,  one  over  two  and  a  half  days,  the  other  (juite  four  days* 

Seen  in  this  light,  the  necessity  of  long  and  patient  work  is  more 
ole&r.     We  are   fortunate  in  having  so  many  as  fonr  plates  within 
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The  Marches  of  the  Nile  Delta, 

[abstract.] 

Thi:be  m  a  part  of  Egypt  never  visited  by  tourists,  but  not  witboni 
considerable  interest  owing  to  the  singularity  of  both  its  conforma- 
tion and  its  popnlatiou.  Tbis  is  the  seaward  belt  of  tb^  central 
Delta.  Tbe  soutbcru  part  of  tbis  belt  bas  few  inhabitants  except  tlioee 
of  recent  origin,  raostly  ilerived  from  refugees  who  migrated  thither 
during  the  1 8th  aud  early  19lh  centuries ;  but  there  are  abundant 
traces  of  n  large  ancient  jKipulation,  and  it  was  to  study  these  tracet 
that  the  lecturer  visited  the  locality  in  the  fliiring  of  1903. 

Leaving  the  Berari  railway  oue  soon  passes  nor tb ward  beyond  tbe 
margin  of  cultivation  and  the  last  mnd-hamlets,  built  in  fantastic 
pe[iper'pot  forms,  on  to  great  salt  flats  eiugularly  devoid  of  all 
life,  and  rendered  treaeherous  by  tbe  overflowing  of  old  drains  and 
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the  15-bour  interval ;  for  it  sbould  be  remembered  that  the  plates 
must  be  of  different  civil  datee,  in  order  to  eliminate  variations 
dependent  on  atmospbnric  conditions >  and  consequently  the  plates 
must  be  exposed  in  different  light  cycles.  It  might  be  very  long 
before  one  BUccoeded  in  acqniriug  a  do2en  plates  within  any  one 
24-hour  inter  Till  of  a  cycle. 

The  hour  is  nearly  ended^  aud  I  promised  myself  not  to  ©iceed 
it.     It  !s,  therefci-e,  with  some  regret  that  I  must  leave  my  subject 
auSnished,     It  would  have  been  a  satisfaction  to  have  laid  the  wbole 
ease  of  ^  Lyrse  before  you,  as  it  has  come  before  me  in  my  speetro- 
scopic  study  of  its  problems,    I  must  not,  however,  leave  unanswered  a     — 
question  which  I  itnagine  you  are  mentally  asking  :    What  do  I  con-    ■ 
wider  truly  demonstrated  ?    My  answer  is  simple :  Only  this,  that     ■ 
the  method  of  stadying  the  variable  spectrum  of  /3  Lyrie,  aa  1  have 
illustrated  this  evening,  is  full  of  promise,  and   worthy  of  beiug 
carried   out   with  a  telespeotrograph   more  capable   than   mine  of 
writing  with  accuracy  the  history  of  a  star  which  has  been  rightly 
named  by  Miss  Gierke  the  "  Problem  Star," 

[W.  S.] 


1904.]  Vamd  Geor(f€  Hogarth  on  the  Mle  Delta.  449 

lost  arms  of  the  Nile.  These  are  being  reclaimed  gradually  from 
the  south  by  the  SociStS  Anonyme  du  BehSra,  officered  by  Britons, 
which  offers  a  fine  example  of  how  western  capital,  judiciously 
applied,  may  improve  an  eastern  land  and  the  society  upon  it,  with- 
out spoiling  the  native  character  and  rendering  it  hybrid.  The 
process  of  reclamation  and  the  inducements  offered  to  new  settlers 
were  described.  Oonsidering  what  the  unreclaimed  portion  of  these 
flats  is  like  now,  it  is  amazing  that  signs  of  ancient  inhabitation  and 
of  the  culture  of  cereals,  olives  and  vines  should  be  so  abundant.  So 
difficult  is  the  land  to  drain  that  one  cannot  but  think  it  must 
lie  lower  now  than  it  did  in  antiquity.  But  to  a  certain  extent  it 
was  always  a  fen,  as  we  know  from  many  recorded  facts  and 
especially  a  description  by  Heliodoriis. 

The  character  of  the  ancient  mounds  was  described,  and  their 
disposition  along  the  lines  of  two  ancient  Nile  arms,  the  Thermuthiao 
and  the  Athribitic ;  and  the  lecturer  then  passed  to  the  northern  or 
littoral  belt,  which  is  mostly  lagoon  and  sand,  but  somewhat  thickly 
inhabited  by  a  fishing  and  gardening  population.  The  surplus  fish, 
out  of  the  enormous  piscatorial  wealth  of  Lake  Burlos,  is  roughly 
cored,  or  taken  a  short  way  up  the  canals  inland  and  sold  at  auction. 
The  type  of  the  fishermen,  which  shows  traces  of  survival  from  a  type 
known  on  the  ancient  monuments,  was  commented  upon,  and  the  life 
of  the  lake-shore  settlements  described.  The  most  primssval  society 
left  in  Egypt,  it  is,  however,  certain  to  suffer  great  modification  in 
the  near  future ;  for  the  increase  of  births  and  social  security, 
resultant  on  the  present  state  of  -things  in  the  Nile  valley,  is  causing 
a  steady  flow  of  surplus  population  into  the  northern  vacuum. 

[D.  G.  H.] 
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GENERAL   MONTHLY  MEETING, 

Monday,  Febrnary  1»  1904. 

Sift  Jaues  Cbiobtok-Browxe,  M.A,  IjL.D.  F.R.S.,  Treagurer  ftnd 
Yice-FresideDt]  iu  the  Chair, 

William  Booth  Bryan,  Esq.,  MJtist.C.E, 

Oharles  Edward  Chillis,  Esq. 

Alexander  F.  H.  Dick,  Esq. 

William  Gowland,  Esq,,  F.C.S,  F.S.A. 

Sir  Charles  Hartley,  K.CM.G  M^IiiBtCE,  F.B.S.E. 

Mifis  C.  Jonee, 

Cyril  F  rode  rick  Lan-Davia^  Esq. 

Charles  Edwin  Lay  ton,  Eeq. 

Henrik  Loeffler,  Esq.,  MA. 

Brigade* Surgeon  Lieut, -Col.  C.  W.  MaoEtiry,  I.M.S.  (retired)* 

William  M.  OgiMo,  Esq* 

Capel  George  Pitt  Fownall,  Esq. 

Lady  Fiiesfley, 

Charles  Frederick  Rousselet,  Eeq.,  F.E.M.8. 

Balph  Edward  Tatham,  E&q. 

James  Weir,  Eeq. 

wtire  elected  Members  of  the  Hoyal  Infititntion. 

The  Special  Thanks  of  the  Members  were  returned  to  the  follow- 
ing gentlemen  for  their  Donations  to  the  F mid  for  the  Promotion  of 
Experimejital  BeBoarch  at  Low  Tempcmtttres : — 

Sir  Andrew  Noble,  Bart,  K.C.B.  F.R.S.  ..  £100 

Frank  McClean,  Esq.,  M.A.  I.L.D.  F,E.S.  ..  50 

J.  B.  Brotin-M orison,  Esq^^  J. P.  D.L.     ••  ..  5 

Lord  Greenock,  J. P.  D.L«            ..           ..  <,  & 

The  following  letter  from  Lady  Horsley,  in  acKnowledgmfint 
the  Resolution  of  Condolence  on  the  death  of  Sir  Frodorick  Bram< 
well,  Bart,,  passed  at  the  Meeting  of  the  Members  on  December  7, 

1903,  was  read:— 

Dalb  8ls  Wiluah, 


May  I  aak  you  to  expr«g  ob  b&li&lf  of  mj  mother,  my  ai^ter  ilikI  mjseif;  oar 

igere  of  the  Royal 
meBsage  of  lympatby  in  the  \<m  wliicbhAB  befalleii  ua. 


g:mtitiido  to  the  Pramdent  aiid  Manftgere  of  the  Royal  loatitution  for  thfii 


Sir  Willi«m  GrookaB,  T,B3, 


Believe  me, 

Very  prutefully  yourt, 
(S%oed)    £i.n&XD  H 


1904] 
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f       'file  FBX6ENTS  receiTed  fiince  the  last  Meeting  were  kid  on  the 
table,  and  the  thanks  of  the  MemberB  returned  for  the  Bame»  tiz*  : — 

Thi  Secretary  of  Slat* /gt  Indid^ 
Gtoktgietd  Survay  of  Jndi'a^* 
Memoirs,  VoL  XXXV.  Part  2.    8m    1&03. 
Th§  Attronam^r  Roijal—GTeemivich  ObaerTationB,  19i>0.     8fO.     1903. 
^     Green  wit'h  Spectroioopk  and  Photograph  ie  Reaulta,  1900,    4to.    1903, 
■      Annul**  of  the  Cape  oUervatort,  Vol.  XI.  Part  1.    4to.     1903. 
V      Auna^ls  of  the  K<ijal  UbeerTatbryt  Capo  of  Good  Hope^  VoL  XL  Fart  3, 

Aetsadania  dn  Lineei.  Ernie,  B&ma — Cka^e  di  Scienx©  Fiaiohe.  MatematichB  e 

•        Nfttuuiftli.    Attl  Serie  Quints:  Rendiconti,    ToL  XII.  2*  Semestn?,  Fa«s. 
10-12;  Vol.  XIIL  FftSD.  1,  No,  1,    8to.     1908^. 
Glasse  di  Bcienze  Mornli,  8toridi«^  Bede  Quints,  VoL  XIL  Fa«c.  7-10.    8to* 
urns, 

J««ffA«»j  O&wrmiory— MisoelJBiiiM>ij«  Pnpers,  N.S.  Nofi.  15,  16.     8yo.     1903. 
liMrtean  ^iwdemij  of  AHt  and  Sciences— Tfccstdinga^  Vol.  SXXEX.  No,  5.    8to. 

I90a 
immoin  Gwgraphical  Society— BalUtin,  Vol.  XXXV,  No.  L    Svo.     1903. 
i»H^«lTOm,  K  E§q.  {ihe  Aufhor) — Energy  iti  the  Visible  Spectram  of  the  Heftier 

Btanduvl.     8  m     1903. 
AMinmmitiml  Sod^y,  Bbj^l— Monthly  Noticaa,  VoL  LXIV.  Nos.  1,  2.     8to. 

1903. 
Aitfomdbih  Cfu£— Journal  for  Doc.  1903  atid  Jan.  lOOi.    4 to. 
Eankers,  IfuiituU  o/-JouruaL  Vol,  XXIV.  No.  9 :  VoL  XXV.  No.  1.    8to. 

1903-4. 
B§ekmiikampt^  G,  Etq.  (ths  Author) — l^ednrfniBse  imd  Fortachritte  dee  Menflchen- 

geachfeeljtea.     Svo.     190:J. 
BMutn,  Royal  Aeadtiny  <?/ SH«w;et— Bnllelin,  1903,  Noa.  9,  ID,    8to, 
Benin  Attidemy  of  Scienats — SitzuniTHbcrichte,  1903,  N*t«.  41-53.    8to, 
Bmttm  Puhlic  Xibrary— Monthly  Bulletin  fur  D^-  1903  and  Jan.  1904.     8to. 
Britith  Archit^4,  Ro^fal  Jnrtitute  o/— JournaL  Third  Series,  VoL  XL  Noa.  4-d. 

4to.     1903-1. 
BriiiMh  Astronomical  Atweiation — Journal,  Vol.  XIV,  Nofi.  2,  3.     Memoirjii,  VoL 

XL  Part  4.     8to.     190.^ 
Brown,  Henry  J.  Etq. — Memoir  of  Benjamin  Frankllti  Steveris.    By  G.  Manville 

F*!tiii-    S¥o.     1&03. 
BvenM  Ap-eg,  Ci/y— Monthly  Bdletiu  of  Municipal  Statiiticfi,  OoL-Not*  1903. 

Svo. 
£m*A,  Mm*  EHnorand  Mim  Franaa  CM.  IL I >— De*cripti te  Booiology.   By  Herbert 

Spenoer.     In  8  Parts,     fol.     ]S73-lgSL 
Cambridge  Fhiiotophi&il  Bocietif—l'roemdmgH,  VoL  XTI.  Part  4.     8to.     1903. 
Cbtuxda.  Geological  5urwy— ^ftpfl,  Nu6.  593,  598,  mO,  60S' €10,  633,  fj35-637. 

foL     1903. 
Camoda,  Jhffol  Som'tiy  o/— Pro«»eding»  and  TmnBactiona^  Second  Senw,  Vol. 

VIU.    8vo.    1902. 
Canadian  Govsmmeni  (Departmeni  of  Uu  iftferiw)— Mape  of  Affiiniboift,  Sa*- 

kiitehewan.  Alberta,  Okko  Louise  and  Banff.     1903. 
Ckmieol  Indudry,  Sodettf  o/— Jonmal,  VoL  XXIL  No.  23 ;  Vol  XXUL  No.  1, 

8m    1903-4. 
ObimVW  Sotf*«<sf— Proceeding!!,  VoL  SIX,  Nob.  272-'274.    Syo.     1903. 
CitfU  En^inetTi,  Jmtiiuiiim  rj— Proceedingi,  Vol  CLIV.     8ro.     1903. 

En|rint«riog  Conference,  1903.     8to. 
Cra«opi«,  rjeadCmh  det  Sciences — BolleliTi,  Clasa^a  dei  Sdieticei  Math^mat^ne* 

et  Naturellea,  Not  8,  9;  Clasae  de  Philohjt,-ie.  Nob.  8,  9.     1903,     8to. 
Ikmiuhire  Au&matimi—TtviSACtmm^  Vol.  XXXV.     3to.     1903, 
Dvfoujbir^  Willi!,  Purt  5.     &vo,     1903. 
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EiUnburgh  Royal  Sacidif—Vroc^&lm^^B,  Vol.  XXIV.  No,  6.    8to.     1&03* 

TmQsactiona,  Vul  %i^.  Pnrt  H.     4 to.     im^, 
i^rfitof^— Aoronouticnl  Joamul  for  nJan.  ItiO-i,    8v*0t 

American  Jgurii4  of  Science  for  Jan.  lUu4,    Svo, 

Atiiilyst  for  Dec,  ll*o3  uml  Jan.  llKH.     Svo. 

Astro  physical  Jouraiili  for  Dec.  1903  and  Jan.  19(»4, 

Atbcsiisum  for  Due,  10i)3  and  Jan.  1904,     iU. 

Board  of  Trade  Journa]  for  Dec.  1903  and  Jan.  Id^H.     8io, 

Brewen'  Journal  for  Dec.  1903  and  Jan.  1904.     Svo* 

Chemkul  News  for  Dec.  lOO:^  and  Jaii,  1904,    4to. 

Cliemut  11  nd  Drug*^mi  for  Dec.  JyO;l  and  Jtm.  1904.    Sto. 

Ek^trical  Engineer  for  Deo-  1903  and  Jaa,  19(t4,    foL 

Electrical  Ksview  for  Dec.  1903  sue)  Jan.  1904.    8to, 

EleetriOftl  Timea  fai  Dec.  1903  and  Jan.  1904.     4Ui, 

Hlectricitj  for  Dec.  1903  and  Jan.  19!H.    8vo. 

Electro-Oliomist  and  Metalltirgiat  for  Dee.  191);!  and  Jan.  1004.     Hyo 

Engineer  fur  Doc.  1903  and  Jan,  mn.    M. 

En^ineermg  for  Deo.  1903  and  Jrto.  I9<i4.    fo!. 

FeildenV  Jtagaaine  for  Dec  1903  and  Jan.  1904,     Sva, 

Homceopatlu*^  Ueviuw  for  Jan.  19(>4.     8to. 

Horologu:«l  Journid  for  Jan.  1901.     8vo. 

Journal  of  the  BrilJEih  Dental  AHiiociation  for  Dt»c.  1903  retid  J&n.  190ft. 

Journal  tit  I'liyaical  Chemiatry  for  Bm.  1903,     8vo. 

Journal  of  State  Medicine  forDec.  190^  nnd  Jan.  1904.     Sto. 

Law  Journul  for  Deo.  JM3  and  Jan  1904.    8vo. 

London  Technical  Eduoition  Gazette  for  Dec.  190a  and  Jan*  im»4, 

London  UniTaraily  Gazette  lor  D©c.  1903  and  Jan.  1904,    fol. 

Machinery  Market  for  Dec.  190;^  and  Jun.  19!J4.    ^vo. 

Model  Engineer  for  Dot'.  1903  and  Jfttt.  1904.    Svo. 

Mois  ScientiJique  hr  Dee.  19lKi.     8vo 

Motor  Car  Journal  for  Dec.  19[l;{  and  Jan.  1904.     8fo. 

Mndeal  Timeti  fur  Doc.  I9[>3  and  Jan.  19(14.     &¥0. 

Nature  for  Dec.  190; 5  niiij  Jan.  1904,    4tu. 

New  Church  Magazine  for  Jan  -Ffb.  1904.    8vo. 

Nuoyo  Gimcuto  for  July- Aug.  1903.    8vo. 

FagB'a  MagaEiTie  for  Dec.  ll*o;^  and  Jan.  191^4,     8to. 

Plwtographic  News  for  Dee.  19(^H  trnd  Jan.  1904.    Sto. 

Physkal  HorJuw  for  Nov.-Uw.  1903,    Svo. 

Phyaiolojriate  Hiisw  for  May.  190:i    8vo, 

Popular  Ajtronumy  for  Dijc.  I9n3  and  JaU.  1904.    $vo, 

PuHid  Health  En|,'itit'er  for  Dec.  H>03  and  Jan.  1904.    Sm 

Scienoo  Ab^tracU  for  Jan.  1904.     8to. 

TerrostriHl  MaguetUm  for  S<jpt.  1903, 

Travel  for  Ucl\  iy03  and  Jun.  1904,     Sto, 

55ooph  il  iji  t  f i>r  De  c.  1 903  n  ml  J j  i  n .  11  li  »4,    4  lo. 
J/oTOTice,  BiUioteea  N'tMionaie—linliGlin^  DtHi.  1903.     8to. 
Fran  klin  /fi#etltfJe^-Jonmft],  Vol.  CL VI.  No.  6 ;  Vol.  CLVIL  No.  1.   SfO. 
QcographirAtl  Stteielyt  ifb^—Geogtaphical  Jonrnal  for  Jan.  1904. 
Qadogtoal  J?oci*%— Abstracts  of  Prooe«dm-s,  Noa.  7S4-7S6.     Svo.     1903, 
O^inoetit  Roynt  Amdtmy  of  Seitnsm — Nachriotitoa ;  Alathemaibch-phjhikalifl 

Kkaafr,  19^3^  Heft  5.     Bto. 
HaUock-Qr^ntwalt  J/(*«  M  {tU  AueAwj— Pulae  and  Kli?thra.    8vo,     1903, 
farfoiTV  SmuU  HoIi4indai§^  da  iSetewM*^ Archives  N^fUndaiaiits  Setie 
Tome  VILI.  5''  LittaUou.    8vo.    1903.  M 

Seu^  Adol/o,  AW,  (the  Translattir)—!}  Hndlo.     lly  W,  J.  Hammer.    6fO.  W 
J^m»  Htypldtu  r'fii'rwr»if^— University  CireulurB,  No.  165.    4to,    1903. 
Lagrange,  GharleM,  Esq  (fA*"  .iaiAor) ~ La  Mftcbine  a  niourement  parpetael  e( 
question  du  Kadmm,    8vo.     1903, 

Newton  et  le  principe  Hn  li  limits,    8to.    1903. 
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1903, 
8vo. 


Sto. 


Leighton,  JtJin,  Sg.,  F,S.A,  M,BJ.^Jomm\  of  the  Ei-Libtb  Society,  Nof  .-Dec, 

1803     «TO. 
Li/e^Bttit  Iti»titution,  li/iyal  Nationai — Juuruftl  for  Feb,  1901,     8to. 
MancJietikr  Littrartj  nttrf  Phth>f^phicul  Boci^y  — Memoira  aad  Praoecdioge,  Xoh 

XLVm  Part  I.    8vo-     190a 
M<utaehmfti4  Imfttufe  <if  Techmi(Mjy—T^kn.o\Qgy  Qunrterly,  Vol.  XVI.  No.  a 

Svo.     im)% 
Jlf#0tei»ibaJ  ^ig^ffte^*^  InttHtitioH  of—rrofxedmjt^  \dOi\  No.  a    8tq. 
Jf«<«orto{M(0^  Soet<i%— Mok^rcilo^ricfil  Euoonl,  Vol  XXfll.  No,  90,    Sto, 
JfggteOL  Seoretmia  dd  ComuniM^Wej  y  fAffi*  PuS/iran— Annies,  Num.  1-8 

Jfferoidojtieal  Soeietifr  i?ci/a/— Jouroal,  IU0:».  Pnrt  6.    Svo* 

Molieno,  P,  A.  Etq.,  LL.R  MJU,  {the  AtUhot}—A  Federal  South  AfricBv 

TLti'  Life  &tid  Timed  of  Sir  John  Charles  MoIteBo.     2  vols.     Sto.     190U. 
M(»ttantt  lTniver*f'(y^BuiiL'tm^  fiiologictaJi  Berics,  No.  5.     Sto.     1903. 
Jfwiiw'),  Hoyrxl  Burnt  inn  Academtj  e/ SewnettSitzungnheTichi^,  190U  Heft.  m. 

8vo.     19n:i. 
Afir*^^  Teyfw'— ArohiFee,  &&ie  H.  Vol.  VI II.  4"«  purtie.    Sto.     1903. 
Aaisy  Jjwigiie — Navj  League  Journal  for  Jan.  I9t>4.    Sto. 
Nwm  South  Wafer,  Ageni^Qemml for— Year  Book  of  New  South  Wales,  l9f.H,   Svo. 
Jir#ie  York  J«J-/*mj  e/ fi^feswat— Aunali,  Vol.  SIV.  Pan  ^^■  Vol,  XV,  Part  L 

8fO.    11)<^1 
AV»  Zfloiawi,  A^eni -General  fare's ew  Zealand  Official  Yeaf  Book,  190:1     i^jo. 
NorUk  of  Efigland  Institute  of  Mmiug  and  Meehaiticul  Eni^tneerf  ^TmtiAaououfl, 

Vol  LII.  No.  7;  Vol.  LIV,  No.  1.    8?o,     lml^, 
Od&fdohgiaai  Soeieltf—Tmasteiioti»,  Vol.  XXXVI.  No.  2.    Sv'o.     1903. 
PsTK,  CuerjM  de  IngeniHTm  de  Minos— Boletm^  No.  :i.     Bvo,     190iJ. 
FharmacetUical  Society  of  Great  Britain—Jnumai  for  Dec.  liiQ'A  &nd  Jan.   1904. 
Bvo- 
The  (.  nlendar  for  lti04.     Svi*. 
Phiiadelphia  Academy  of  Nittuml  Seifne^t — Proccettbga.  Vol.  LV.  Part  2.    8 to. 

I90a. 
PhoUigraphia  Soetiifft  iJo^fa i^—Photogrupliic  Journal  for  (tot -Dec  1903,    Sto, 
Phytii^l  Society  of  Londofi— Procwdingn,  Vol.  XVIII.  Part  7.    Svo.    1903. 
t'olloeh.  Sir  Mtmtoffu.  Burt.,  MH,L  (the  Avthf^)^Ughi  and  Water.     Svo.    1903. 
Btme,  Minutry  of  Fuhlie  TPbft*— <jiomfl]e  del  Gioio  Civile  for  July-'Atl^^  1903. 

Sto. 
»oya/  DubUti  Soeii^tij—TTiinmvtioua,  Vol.  Vill.  Parts  2^.    4 to.     1903. 
Ptocei»ditiir9<  Vol  X.  Part  1.     Svo.     1003. 
EcoDomio  Proceodingtj,  Vol.  L  Part  4.     fcSTo.     1903. 
MinfAl  Irith  Aeademtj—Fmc^Bi]m,:9,  Vol.  XX^V^  Seo.  A,  Pftrt  3 ;  ^^.  B,  Part  4  ; 
See.  C.  Part  4.    8vo.    19ia 
TmnaaetJons.  Vol.  XXXII.  Sec,  A,  Parta  7-9:   Set'.  B,  Parta  n.  4:  Sec,  C, 
Parte  2,  Lt,     4to.     iyQ:t. 
JtoMl  SeeUty  of  Lofnioft^^Philoaophicid  TrausactioaB,  A,  Nob,  354-3S9. 
I     Pfoc«edlngi»  No«,  485^  48U.    Svo.     t90;i 

CctIoo  Penrl  Oy&ter  Fiaberien  and  AI urine  Biology,    Report  to  the  Colonuil 
€ior«nisiest  by  ppofeB*jr  W.  A.  Ht?rduian  and  otliera.     Part  L     4t».     lt»03. 
ford,  Bonmgk  o/— Fitty-litth  R«purt  of  the  Aluaeucu  aud  Librariea  Committee. 
Bvo.     llK»;i 

\$amtary  ItuHtut^^JoomBl,  Vol.  XXIV.  Part  tV.  aod  Stipplemeot.    Sto.     1904. 
\ik'ttti§h  Mits&rohgical  Socidif—Joutn$X^  Tbinl  Series,  Nob.  18,  19.    Sto.     1903, 

fdiUh  SoaUty  nf  Ari9,  Hoynl^Tmnsmtiom,  Vol,  XM.  P^rt  I.    S?o.     1903. 
iBdbvme  Scwwiy— Nature  Note«  fur  Jutn  19(U.     8vo. 
}miih,  B.  Lngh,  £*f .  MA.  Jf.J!.£— Tho  tioottlBh  Ge«gtapiii«l  Ma^ftQe,  Vol. 
XX.  No.  1.     Sto,     1904. 
iimian  Imiitut ion— Aimjitkl  Ilg^iort,  1902.     Svo.     1903. 
Opotributiou  to  Knowlediie.  No.  1413.     4to.     1903. 
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Sceiety  0/  jiria— Jourtial  for  Bee.  190'i  ftod  Jnn.  1904.    Bvtt, 

Statittieal  Soeietif,  Bot/al—JouTuol.  YqI  hXYL  Pprt  4.     8v.'.     1903, 

Sinney,  0.  JohnBteme,  E^q^y  FJtS.  MJiX  (the  Author)— How  to  Bimpltfy  British 

Wei^Ute  <itid  M^nauraa^     Svo,     1003. 
Tacchinit  Prof.  F„  Bon.  Mf^m.  KL  (the  Author) — Memorie  d&lla  Societk  degli 

8p€ttrajoopist]  Italiant,  VoL  XXXIl.  Disp,  12^    4lo.     1903. 
Thompton,  S.  F.  Efq.,  F.B.S.  M^BJ.  {the  j4u(Aar>— Gilbert  of  Colchest4;r,  The 
Father  of  Electrical  Science.    8vo,     lUfia, 
Gilbert:  PhysiciiHL    8vo,     190H. 
United  Servke  iTiBlitutton^  lioyal — Jourual  for  Dec-  IPdS  ami  Jan,  1904,     8to, 
United  States  Department  of  Aijriculturt — MoDtbtj  Weather  BeTiew  fur  Sept,  190<3* 
ito. 
Atmoepheric  lUdiAtion.    By  F.  \\\  Very.    4to.    IB0% 
Stnttiea  mnotis  Snow  Crystals.    By  W,  A.  Bctitley.    4to.    IMS. 
Setni-ditiraal  Tidea  in  Kortliern  Part  of  Indian  Ocenn,    Bj  R.  A,  Horria.    4tOt 

1903. 
ExpeiimeDt  Station  Record,  Au^.-Dec.  1903.    Sto. 
United  State*  Geolmicat  Survey— Hullatm,  Noa.  209-217.    8to.    1903. 

MonogmpljB,  XLIV.  XLV.  and  AOfla.     4to.     1903. 
VniUd  Statei^  FaUnt  r/^'ce— Official  Gazette^  Yol,  CVH.  Noa.  5-9;  VoL  CYIH. 

Nor  1-3.     4to.     l!W>a^, 
Yerein  tur  Be/^derung  des  Geteerbjieitta  m  Pr«ruiMn— Verhandlnngeti,  19Q\ 

Heft  10.    4tu, 
Vienna^  Imperiai  GeGlogii'td  InBtiliUe—YeTha,'ndl\ni§:en,  1903,  Not.  12-15.     Sto, 

Jahrbnch,  1!>0:^.  Heft  1,2,     8to. 
Wegiern  Society  (/ ^»f?ifi«T«— Journal,  Vol.  VIIl.  No.  6-     Svo.     I90li. 
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WEEKLY  EVENING   MEETI-STO, 

Friday,  February  12,  1904. 

His  Grace  The  Duke  of  NoHTHirMBERLAJjO),  K.0.  D.C.L.  F.R.S., 
President,  in  tlie  Chair, 

W.  N.  Shaw,  Esq,  Sc.D,  F.R.S,  M.R.L,  Secretary  of  the 
Meteorologietil  CouticU. 

SQm6  AspficU  of  Modern  Weather  ForecmUng, 

[AflSTttACT.] 

referring  to  the  circumstancea  under  which  he  was  called 
upon  to  deliver  the  Evening-  dificoorse  in  thti  absence  of  the  Dt^an 
of  Westmiiister,  the  lecturer  explained  that  he  had  chost^n  the 
siibject>  not  because  he  regarded  weather  forecasting  as  the  only,  or, 
from  the  scientific  point  of  view,  the  most  important  practical  branch 
of  Meteorology,  bnt  tecause,  in  a  general  sense,  the  possibility  of  its 
application  to  forecjasting — ^the  deduction  of  effects  from  given  canses 

t— was  the  touchstone  of  scientific  knowledge. 
The  prooesa  of  modern  forecastiug  was  illustrated  by  the  daily 
weather  cliarta  of  the  period  from  February  1,  11)04,  up  to  the  eveiiing 
of  the  12th,  which  exhibited  the  passiige  over  the  British  Isles  of  a 
remarkable  sequence  of  cyclonic  depressions,  reaching  a  climiuc  in  a 
TBTy  deep  and  stormy  one  on  the  evening  of  the  lecture.  It  was  thus 
pointed  out  that  the  barometric  distribution  and  ite  changes  were  the 
tey  to  the  sitnation  as  regards  the  weatljer,  and  this  was  supported 
by  exhibiting  the  sequence  of  weather  accompauying  recognised  types 
of  Imrometric  changes,  as  shown  in  the  self-recording  irifitmments  at 
the  observatories  ia  connection  with  the  Meteorologiad  Office- 
Some  cases  of  difficulty  in  the  quantitative  association  of  raiu- 
faU  or  temperature  cliatiges  with  ijarometric  variations  were  then 
iUnstated.  The  barometric  distributions  in  the  weather  maps  for 
AfffO  8  and  April  16,  11*03,  were  shown  to  be  almost  identical,  and 
yet  the  weather  on  the  later  date  was  10^  colder  than  on  the  earlier. 
The  observatory  records  for  Jime  ±'1^  li)00,  showed  that  a  barometric 
disturbance  of  about  the  fiftieth  of  an  inch,  too  smtill  to  l)e  noticed 
on  the  scale  of  the  daily  charts,  passed  across  the  couutiy  from 
Valencia  to  Eew,  over  Falmouth,  in  about  twenty-four  hours,  aud 
pFoduoed  at  each  observatory  cluiracteristic  changes  of  temperature 
and  wind,  and  also  in  each  c^ise  aijout  a  fifth  of  an  inch  of  minfalL 
Some  examples  of  the  irregularity  of  motion  of  the  centres  of 
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deprefifiiona  were  ftldo  giTen,  including  one  which  travelled  up  th« 
westt*m  coaste  of  the  British  Isles  on  Ociolwr  14  and  15.  iiiid  down 
the  (.-asteni  coasta  on  October  16  anil  17,  UHJ3,  oiil^  which  developed 
from  scarcely  visible  indications  into  a  gale  on  Decern btT  30,  lyOO, 
and  one  which  disappe^irtd,  or  **  filled  up/'  as  it  is  technicaUj  culled, 
on  Februaiy  0,  1^04.  The  conclusion  was  dniwn  that  the  sii*^p-estt^il 
eiijetision  of  the  area  of  oljservation  by  means  of  wireless  tete<rraphy 
from  ships  crossing  the  Atlantic  would  not  immediately  place  fore- 
Giatiug  in  the  poBition  of  an  exnct  science,  but  would  add  gready  to 
the  faciliti^  for  studyin*^  the  life-histOTy  of  depressions. 

The  irre^krtties  and  tmcertainties  ilhistrabed  by  the  esamples 
given,  mi,ffht  be  attrtbut-ed  in  part  tcj  the  complexities  of  pressure  due 
to  the  irregular  distribution  of  land  and  sea  in  the  Northern  hemi- 
sphere. Chaits  of  the  mean  isobars  for  the  World  for  Janniu'v  imil 
Jnly  showed  greater  simplicity  of  amingement  in  the  Southern  temi- 
sphere,  where  the  ocean  was  almost  miintermpted,  than  in  tlie 
Northeni  hemisphere,  where  there  were  alternately  large  areas  of  sea 
land.  The  comparative  simplicity  of  the  South  as  compared 
the  North  was  also  illustnited  by  a  chart  representing  an  attempt 
«t  tt  synoptic  barometric  chart  for  the  World  for  September  21^  11)01. 

The  simplification  of  thi?  kiromeiric  distribution  at  Buoct^ssiively 
higher  layers  of  the  atmosphere,  as  illustrated  by  Teisserenc  de  Bort's 
chart  of  mean  isobars  at  the  4000  metre  level,  Wius  pointed  out»  and 
iilEStrations  were  also  given  of  the  method  of  computing  the  liaru- 
metric  distribution  nt  high  levels  from  ol}fiervatiuus  at  the  fturfiice, 
using  dafei  obtiiined  from  observations  at  high  level  obserx^atories,  or 
those  made  with  Ijalloons  and  kites. 

Some  indication  of  the  connection  between  the  complexity  of  tlie 
surface  and  the  simplicity  of  the  upper  strata  might  lie  established 
by  means  of  careful  oljservations  of  the  actual  course  of  air  upon  the 
surfiice  and  the  accompanying  weatiier  conditions. 

The  actual  course  of  air  afong  the  surface  was  often  misunderstood. 
The  conventional  S-shaped  curvea  representing  the  stream  lines  from 
anticyclonic  to  cyclonic  regions  were  shown  to  Ijc  quite  Incorrect  as  ji 
repr^entation  of  the  actnal  piiths  of  air  along  the  surface,  A  digram 
contributed  to  the  Quarterly  Journal,  Royal  Meteorological  Society,* 
showed  the  computed  paths  for  special  case  of  a  storm  of  circular 
isobars  and  uniform  winds,  tniveLling  without  cbaucje  of  type  at  a 
speed  equal  to  that  of  its  winds.  An  instrument  made  by  the  Cam- 
bridge Scientific  IiLstrument  Company  to  dmw  the  actual  paths  of  inr 
for  a  number  of  different  assumptions  m  to  relative  speed  of  wind 
and  centre,  and  of  iucniirature  of  wind  from  isoUirs^  was  also  shown, 
and  the  general  character  of  the  diflferi^nces  of  path  exhibited  under 
different  conditions  Wiis  discussed. 

•  The  Meteorological  AapecU  of  the  Storm  of  February  2«-2?,  1903,    Q.  J.  R, 
Met.  Bqc  vol  nis.  p.  233,  1903. 
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In  illustration  of  the  application  of  these  considerations  to 
practical  meteorology,  it  was  noted  that  rainfall  is  an  indication  of 
the  existence  of  rising  air,  and  converaely  the  disappearance  of  cloud 
may  be  an  indication  of  descending  air.  It  was  further  noted  that 
if  the  ascent  and  descent  of  air  extended  from  or  to  the  surface,  the 
actual  paths  of  air  along  the  surface,  as  traced  from  the  direction  and 
speed  of  the  winds,  ought  to  show  convergence  in  the  case  of  rising 
air  and  divergence  in  the  case  of  descending  air. 

The  chart  for  April  16,  1903,  was  referred  to  for  an  obvious  case 
of  dilatation  or  divergence  of  air  from  a  centre  corresponding  with  fine 
weather,  the  centre  of  the  area  of  divergence  being  specially  marked 
"  no  rain,"  and  the  actual  trajectories  or  paths  of  air  for  two  different 
travelling  storms  were  contrasted,  to  show  how  the  rainfall  might  be 
related  to  the  convergence  of  the  paths  of  air.  The  two  occasions 
selected  were  (1)  the  rapid  travelling  storm  of  March  24-25,  1902, 
and  (2)  the  slow  travelling  storm  of  November  11-13,  1901.*  The 
trajectories  or  actual  paths  of  air  for  these  two  storms  had  been  con- 
structed from  two  hourly  maps  drawn  for  the  purpose  from  a  collection 
of  records  of  self-recording  barographs,  etc.  Those  for  March  24-25 
showed  the  paths  to  be  looped  curves  with  very  little  convergence, 
whereas  those  for  the  storm  of  November  11-13  showed  very  great 
convergence ;  so  much  so  that  if  four  puffs  of  smoke  could  be 
imagined  8tEU*ting  at  the  same  time  from  Aberdeen,  Blacksod  Point, 
Brest  and  Yarmouth  respectively,  and  travelling  for  24  hours,  they 
would  find  themselves  at  the  end  of  the  time  enclosing  a  very  small 
area  in  the  neighbourhood  of  London. 

Corresponding  to  this  difference  of  convergence  as  shown  by  the 
paths,  was  the  difference  of  rainfall  as  illustrated  by  two  maps  show- 
ing the  distribution  of  the  rain  deposited  from  the  two  storms.  The 
first,  with  little  convergence,  gave  hardly  anywhere  more  than  half- 
an-inch  ;  the  second,  with  its  great  convergence,  gave  four  inches  of 
rain  in  some  parts  of  its  area. 

[W.  N.  S.] 

•  See  Pilot  Charts  for  the  North  Atlantic  and  Mediterranean,  issued  by  the 
Meteorological  Ofl&ce.     February  1904. 
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WEEKLY   EVEOTNG  MEETING, 

Friday,  February  19,  1904, 

Hl8  GbAOX  ThJC  DuKK  of  KoETHUMBEELAirD,  K.tt,  D.C.L,  F.E.S., 
PreBident^  in  the  Ghair. 

a  T,  R,  Wilson,  Esq,,  M.A.  F.R.S., 
Fellow?  of  Sidney  Sussex  College,  Cambridge. 

CondenscUion  I^udei, 

A  FAMUJAB  experiment  was  first  shown  Hltifitrftting  the  action  of 
ordinary  dufit  particlea  as  condensation  nnclel.  From  a  large  globe, 
which  had  been  allowed  to  stand  for  some  hourfl,  aome  of  the  air  was 
removed  by  opening  oommunication  with  an  exhausted  vessel,  Ouly 
a  Tery  few  drops  were  formed  as  a  result  of  the  expanBion.  ui 
allowing  air  to  enter  the  globe  through  a  cotton- wool  filter,  so  that 
the  pressure  was  brought  baek  to  itB  original  value  (that  of  the 
fltraoepbere),  and  allow mg  the  air  to  expaod  as  before,  the  drops 
formed  were  again  very  few*  The  ordinary  air  of  the  room  was  now 
admitted ;  an  expaniion  of  the  air  in  this  case  resulted  in  the  pro- 
duction of  a  thick  fog. 

When  air  has  been  freed  from  dust  by  filtering,  or  by  repeatedly 
forming  a  cloud  by  expansion,  and  allowing  it  to  settle,  the  vapour 
which,  in  the  presence  of  the  nuclei  wuuld  have  separated  out  in 
drops,  must  bo  in  the  "  supersaturated  "  condition  immediately  after 
the  expansion  is  completed* 

Another  method  of  producing  clonds  was  now  shown.  Air  wM 
allowed  to  escape  through  a  fine  orifice  into  an  atmosphere  of  steam ; 
the  mixed  air  and  steam  were  then  paesed  through  a  Liebig'B  con- 
denser, where  the  greater  part  of  the  steam  was  condensed,  and  then 
into  a  large  glass  globe,  where  the  clouds  were  observed.  From  this 
vessel  the  air  was  drawn  off  by  a  pump  which  maintained  tht^ 
pressure  in  the  globe  and  condenser  at  a  considerable  number  of  cms. 
of  mercury  below  that  of  the  atmosphere.  Before  reaching  the  jet 
the  air  of  the  room  had  to  pass  through  a  cotton -wool  filter,  and  then 
through  a  long  tube  containing  water ;  finally  it  uas  led  through  an 
aluminium  tub<3  to  the  orilice.  The  latter  was  about  half  a  mm.  wide. 
The  fall  of  pressure  in  pasaing  through  the  orifice  was  about  15  or 
20  ems.  In  tlie  absence  of  the  filter,  the  air  being  admitted 
directly  to  the  water  tube  through  a  tap  turned  just  auffioiently  te 
give  the  same  flow  as  with  the  filter,  a  dense  fog  poured  out  from  the 
end  of  the  condenser  tube ;  on  closlug  the  tap  and  letting  the  air 


1904.] 


m  C<ntdensatim  NudeL 


45U 


enter  through  tlie  filter  the  fog  rapidly  cleared,  imd  only  a  fi&o  rain 
contmued  to  be  produced.  While  the  apparatus  was  in  this  condition 
an  X-raj  tube  wae  set  in  action  near  the  alnminium  tube ;  the  rain 
was  succeeded  by  fog,  which  continued  to  pour  out  from  the  end  of 
the  condenser  so  long  as  the  X-rajs  were  kept  in  action.  Oondonsa- 
tioD  nuclei  are,  as  this  experiment  proves,  produced  in  air  exposed  to 
Hdntgen  rays.  Later  experiments  will,  howeTcr,  show  that  they 
b«i«  entirely  ditierent  properties  from  the  ordinary  dust  nuclei. 

'When  air  has  been  completely  freed  from  dust  particles,  so  that  a 
slight  expansion  of  the  air  (initially  saturated  with  water  vapour) 
dotis  not  result  in  the  formatlou  of  any  drops,  it  is  found  tbat  quite  a 
high  degree  of  supers  at  u  rati  on  may  be  brought  about  without  ttic 
appe&rance  of  a  single  drop.  There  is,  however,  a  limit  to  the 
flaperaatnration  which  can  exist  without  condensation  of  the  vapour 
in  drops  resulting.  To  study  this  condensation  in  dust-free  air,  Hnd 
to  measure  the  expemston  required  to  produce  the  necessary  degree 
of  tupergaturation,  a  special  form  of  expansion  apparatus  is  required. 
The  lantern  slide  thrown  on  the  screen  shows  the  construction  aud 
motle  of  working  of  the  apparatus.  The  socoad  slide  ia  a  photograph 
of  the  machine  in  action,  the  etposure  having  been  made  immediately 
after  an  expansion ;  the  cloud  formed  (in  this  case  on  nuclei  pro- 
dnced  by  the  action  of  radium)  is  plainly  visible  along  the  path  of  a 
oonoentrated  beam  of  light  from  a  lantern. 

Let  11  s  now  try  an  actual  experiment  with  the  expansion 
ftp|>&ratns.  On  making  a  slight  expansion  a  cloud  forms  on  the  dust 
particles  which  are  present ;  this  slowly  settles  to  tho  bottom  of  the 
veaeeL  The  air  is  allowed  to  contract  to  its  original  volume^  and  a 
second  expansion  of  the  same  amount  made.  The  drops  formed  are 
en  this  occasion  comparatively  few,  and  they  fall  rapidly  ;  the  dust 
particles  have  nearly  all  been  carried  down  with  the  drops  formed  by 
the  previous  expansion.  The  fewer  the  nuclei  on  which  water 
eondenses  the  larger  will  be  the  share  of  water  available  for  each 
drop,  and  the  more  rapid  will  be  the  falK  The  next  expansion  pro- 
duces no  drops.  While  the  air  is  in  the  expanded  condition,  the 
piston  being  at  the  bottom  of  the  expansion  cylinder,  air  is  removed 
from  the  cloud  chamber  by  opening  the  connexion  to  the  air-pump 
until  the  pressure  is  about  13  or  14  cms.  of  mercury  below  that  of 
the  atmosphere ;  the  piston  is  again  allowed  to  rise  by  putting  the 
air  apace  below  it  in  communication  with  the  atmosphere.  The 
next  expansion  is  thus  comparatively  large,  the  pressure  after  the 
expansion  has  taken  place  and  tho  temperature  has  risen  to  its 
original  value  being  13  cms.  or  more  below  the  initial  pressure. 
Yet,  in  spite  of  the  high  degree  of  supersaturation  reacheil,  not  a 
drop  of  wator  is  seen.  Making  tho  fall  of  pressure  16  cms.,  however, 
we  iee  on  expansion  a  shower  of  drops.  And  altbongh  those  drops 
ara  few  and  large,  falling  therefore  rapidly,  yet,  however  often  the 
same  eipansion  be  repeated,  the  drops  produced  on  expansion  show  no 
diminution  iu  number.  Thus  the  nuclei  removed  with  the  drops  are 
Vol.  XVU.    (No.  98,)  2  i 
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contLnuallj  replftced  bj  others  manafactared  within  the  app»rAtii8 
itself. 

To  profluoe  the  ueceseary  Bupereatumtion  to  cauee  oondeusatioD 
in  the  form  of  drops  in  dtist-free  air,  the  air  must  be  allowed  to 
expand  atiddealy  till  the  final  volume  is  1*25  times  the  initial 
volume.  The  tsondensfltion  is  rain-like  iii  formj  and  moreover  the 
number  of  drops  remains  small  although  the  e?LpnDBion  oongiderablx 
exceedfl  this  lower  limit.  Espausions  eiceeding  the  limitj  v^/vi 
^  1'38,  however,  give  i'ogs,  which  increase  rapidly  in  density,  i,e, 
in  the  number  of  the  drops,  as  the  eipansion  is  increased  beyond  this 
second  limit.  The  expansions  required  for  the  rain-like  and  clond^ 
like  condouBations  correspond  to  a  fourfold  and  eightfold  super- 
saturutioii  respectively* 

A  further  eiperimeut  will  throw  light  on  the  nature  of  tb©  nuclei 
iiBBociated  with  the  rain -like  oondeneation.  Let  us  expose  the  moist 
air  to  the  action  of  X-rays  before  causing  it  to  eipaud.  First  let  u8 
try  an  expansion  very  slightly  lees  than  that  required  to  give  lh& 
laiu-Hke  condensation  without  the  rays.  You  observe^  no  drops  are 
formed.  Kow  let  the  expaneion  be  slightly  greater  than  the  critical 
value,  1  *  25.  A  fog  is  seen  on  expansion.  Thus  the  X-rays  produce 
in  the  air  inuneuse  numbers  of  nuclei  having  the  same  properties,  so 
far  as  their  power  of  assisting  condeneation  goes^  as  the  compara- 
tively few  nuclei  which  the  rain-like  condensation  makes  viaible. 
Now,  a  gas  exposed  to  X-rays  conducts  electricity,  and  the  otherwise 
complicated  phenomena  of  this  conduction  are  all  reduced  to  cotu- 
parativo  simplicity  by  the  theory  that  under  the  action  of  the  raye 
equal  niunbers  of  freely  moving  positively  and  negatively  electrified 
bodies  (the  ions)  are  produced  from  the  originally  neutral  gas.  It  is 
at  once  suggested  that  the  condensation  nuclei  produced  by  X-rays 
are  simply  these  ions.  M 

Let  us  now  impart  conducting  power  to  the  gas  by  exposing  it  tifl 
the  action  of  the  radiation  from  radium.     Again  we  have  the  Bame 
result,  no  drops  produced  if  the  ospaniiou  be  less  than  1-26,  fog  if 
the  expansion  exceed  this  limit* 

If  wo  substitute  for  the  glass  shade,  which  has  thus  far  formed 
the  cloud-chamber,  a  glass  cylinder  with  a  horizontal  metal  top,  we 
have  the  means  of  testing  whether  the  condensation  nuclei  produced 
by  Eontgen  or  radium  raye  are  really  electrically  charged,  whether 
in  faet  it  is  the  ions  themselves  which  act  as  condensation  nuclei  or 
other  particles  produced  by  the  rays.  If,  for  example,  the  roof  of 
the  cloud  chamber  be  kept  positively  charged  and  the  floor  negative Iy» 
the  negatively  charged  ions  will  travel  upwards  and  the  positively 
charged  ones  do wu wards.  In  the  absence  of  an  electric  lield  the 
positive  and  negative  ions  produced  by  the  action  of  the  rays  will  go 
on  increasing  in  number  until  as  many  are  neutralised  by  recom- 
bination with  ions  of  the  opposite  kind,  or  by  coming  in  contact  ^ith 
the  walls  of  the  vessel,  in  each  second,  as  are  set  free  in  that  time 
by  the  rays,     Jf  the  rays  be  cut  off»  the  removal  of  ions  by  t%Qom 
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biuation  and  diffusion  will  continue,  and  the  number  of  ioDS  in  the 
Teasel  wiU  diminish  rapidly, 

Experimect  showE  that,  while  in  the  absence  of  an  eleetrie  field, 
qtute  a  oonsiderable  fog  is  formed  when  an  expansion,  slightly 
exceeding  1'25,  is  effected  10  seconds  after  the  rays  hare  been  cnt 
o&t  with  200  Tolts  betn'een  the  upper  and  lower  plates  the  sAme 
expaoaion,  allowed  to  take  place  8  or  4  seconds  after  the  stopping 
of  the  rays,  produces  only  a  very  &ligbt  shower.  Or,  again,  if  the 
rays  be  kept  on  all  the  time  the  reBulting  fog  is  very  much  less 
dense  with  the  electric  field  acting  than  without  it.  These  results 
are  easily  expkined  if  we  assume  that  the  condensation  niiclei  are 
the  ions,  and  apply  the  resnlt  obtained  by  purely  electrical  methods, 
that  the  iona  travel  about  1  -  6  cm.  per  second  in  a  field  of  1  volt 
per  cm.  The  nuclei  causing  the  rain-like  eonLletisation  without 
exposure  to  Rontgen  or  radium  rays  are  also  removed  by  the  action 
of  an  electrio  field ;  we  have  thuB  the  direct  proof  that  they  also  are 
iona.  Recent  experiments  have  proved  that  a  charged  conductor 
inapanded  within  a  closed  space  loses  its  charge  by  leakage  through 
the  air^  and  that  the  conduction  shows  all  the  peculiarities  of  that  met 
wilh  in  an  ionised  gas.  And,  indeed,  it  appears  that  this  ionisatiun 
k  due  to  the  action  of  ratliation  of  the  radium  typo  from  the  waEs  of 
the  Y66eal  and  from  outside  the  vessel.  The  condensation  method  of 
detectiiig  ioni  is,  it  may  be  poiuted  out»  a  very  delicate  one;  a  single 
ion  if  present  in  tbe  vessel  will  be  detected. 

[  The  positive  and  negative  ions  are  not  alike  in  their  power  of  acting 
ms  oondenaation  nuclei.  Id  most  of  the  experiments  shown  to-night 
the  negative  iona  aloQe  have  in  fact  come  into  action.  The  positive 
require  a  considerably  greater  expansiou  in  order  that  water  may 
condense  npon  them.  The  fioal  volume  must  for  the  positive  iona  be 
about  1 '  Bl  times  the  initial  in  stead  of  only  1  -  25^  corresponding  to  a 
six-fold  instead  of  a  four-fold  supersaturation. 

To  demoDBtrate  the  difference  between  the  positive  nad  negative 
ion*  the  same  form  of  apparatus  is  need  as  in  the  previous  oijieri- 
ment.  Instead,  however,  of  a  difference  of  potential  of  200  volts, 
only  two  or  three  volts  are  applied  between  the  platen.  And  in  this 
experiment  only  a  thin  layer  close  to  the  lower  plate  is  exposed  to 
the  action  of  the  rays.  Under  these  conditions,  if  the  upper  plate  is 
the  positive  one,  the  negative  ions  will  be  attracted  upwards  oat  of 
the  ionised  lay  or,  and  will  occupy  the  greater  part  of  the  volume  of 
th«  veeaelt  while  the  pnsitive  oues  will  have  only  a  short  distance  to 
travel  before  reaching  the  lower  plate.  If  the  rays  be  cut  oflf  before 
the  expansion  is  made  it  is  easy  to  arrange  the  interval  to  be  of  such 
a  duration  that  all  the  positive  ions  have  been  removed,  while  only  a 
onall  fraction  of  the  negative  ions  have  r^>ched  the  upper  plate 
before  the  expansion  takes  place.  Thus  we  can  try  the  efifeet  of 
expansion  when  the  vessel  is  charged  with  practically  negative  ions 
only.  By  reversing  the  electrical  field  the  action  of  positive  ions, 
akooet  free  from  negative  ions,  can  be  studied*    When  the  expansion 
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is  between  1*25  and  1*81  a  fog  or  a  mere  shower  is  obtained, 
according  as  the  direction  of  the  field  is  such  as  to  drive  negative  or 
positive  ions  npward. 

The  ions  are  by  no  means  the  only  nuclei  which  can  be  produced 
within  moist  air  from  which  the  dost  particles  have  been  removed. 
Among  the  most  interesting  of  such  apparently  uncharged  nudei  are 
those  produced  in  moist  air  exposed  to  ultra-violet  light.  It  is 
impossible  in  the  time  available  to  do  more  than  allude  to  them 
here. 

[C.  T.  B.  W.] 
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WEEKLY   EVEXraG    MEETING, 
Friday,  February  26,  1904. 

Donald  W.  C.  Hood,  Esq.,  C.V.O.  M.D.  F,B.aPM 
Yice-Prefiident,  in  the  Chair. 

Alixandkb  Siemens,  Esq.,  M^InetCE.  MM  J, 

New  Devdopvientt  in  Eieciric  Mailways. 

Teebe  is  DO  doubt  that  during  tbo  uincte^utli  century  greater 
ch&ugee  were  irrought  in  the  mode  of  lining,  not  only  iti  Europe 
but  all  over  the  world,  than  in  any  of  the  preceding  centuries ;  and 
a  common  feature  of  nearly  all  of  these  changes  has  been  the  saviog 
ftf  time  effected  by  them. 

Ajx  tllustratioQ  of  tbe  difference  bctweeu  the  beginning  of  th^ 
tiii]ek)enth  century  and  the  presant  time,  is  fnmiBhed  by  ^me  of  the 
newspapers  which  publish  extracts  from  their  own  pages  a  hnndrod 
years  ago* 

News  traTelled  slowly  then  ;  while  nowadays  the  newepaperB  are 
expected  to  contain  every  day  a  record  of  the  most  important 
« Tents  that  happened  on  the  pre<!ddiQg  day,  or  even  on  the  same 
day,  in  any  part  of  the  globe. 

lu  other  walks  of  life  the  sayiug  of  time  has  likewise  been  the 
dominant  factor  by  which  the  introduction  of  changes  has  been 
secured- 

Historically,  the  application  of  the  steam  eogine  for  industrial 
purposes  preceded  the  utilisation  of  electricity  for  tbe  propagation 
of  news,  and  the  fundamental  changesj  which  took  place  in  con- 
Beqneuce,  were  so  imi>ortant  that  for  the  greater  part  of  its  duration 
the  nineteenth  century  might  bo  called  the  age  of  steam. 

During  the  last  thirty  years,  however,  gas  engines  and  electric 
motors  have  taken  the  place  of  the  steam  engines  in  many  different 
mijs ;  but  it  would  not  be  possible  to  enter  into  a  general  dis- 
eosfion  of  this  subject  in  the  short  time  allowed  for  to-night's 
lecttire.  One  of  tbe  most  importani  fields  in  which  the  steam  engine 
hAs  been  of  the  greatest  service  to  mankind^  is  the  transportation  of 
gouds  and  people  by  land  and  by  sea. 

By  its  aid  the  intercommunication  between  the  various  ports  of 
each  country  and  between  all  places,  where  civilised  people  desire 
to  trade,  has  become  rapid,  frequent  and  reliable;  and  this,  coupled 
with  the  facilities  for  ohtaintog  messages  by  means  of  electricity, 
Ian  absolutely  changed  tbe  old  order  of  things  in  the  interoourse 
af  uationB. 
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Tho  principal  effect  of  this  change  h&s  been  the  equolisatioti  of 
the  cbances  of  euccesB  for  workers  in  all  parts  of  ihe  civUiBed  world, 
whatever  their  occupation  may  b© ;  provided  they  keep  themselves 
well  informed,  as  to  what  is  being  done  elsewhere,  or  they  will  not 
be  able  to  keep  abreast  of  the  times. 

Naturally  there  are  other  factors^  which  influenoe  the  competition 
that  takes  placa  every  where  in  life,  hut  the  importance  of  rapid, 
frequent  and  reliable  interoommunicatiun  cannot  be  overrated,  and 
that  must  be  the  excuse  for  bringing  to  yonr  nDtice  to-night  the 
endeavours  that  have  been  made  to  introduce  electric  motors  on  main 
lines  of  railways,  with  a  view  of  accelerating  the  speed  and  increasing 
the  opportunities  of  travelling  withont  diminishing  its  safety. 

It  is  exactly  twenty-five  years  ago  that  the  first  electric  looo- 
motive  ran  on  a  short  lino  in  an  exhibition  at  Berlin,  drawing  a  few 
carriages  on  which  people  wero  taken  round  the  exhibition. 

How  primitive  all  the  arrangements  were  can  best  be  seen  by  the 
picture  now  thrown  on  the  screen. 

The  two  rails,  insnlated  from  each  other  and  &om  earth,  served 
as  lead  and  return,  while  the  switches  were  of  the  simplest  form. 

Some  progress  was  made,  when  in  1831  a  short  line  from  Lighter- 
felde  to  the  Cadettenhaus  was  opened,  although  on  this  line  also  the 
rails  served  as  conductors.  In  tho  same  year  a  short  line  with 
overhead  conductors  was  run  in  connection  with  the  Paris  electrical 
exhibition. 

Two  years  later,  in  the  antumn  of  1883,  the  line  from  Fortmah 
to  Bnahmills  was  opened,  in  which  the  conductor  was  about  eightean 
inches  above  the  ground  by  the  side  of  the  rails^  while  tho  rails 
served  as  return  circuit. 

From  these  small  hoginninga  the  electric  tramways  of  modem 
times  have  developed,  of  which  examples  can  be  seen  in  nearly  every 

tOWIL 

Their  success  natnrally  led  to  attempts  being  made  to  introduce 
electricity  as  tho  motive  power  on  railways ;  but  tho  totally  difiercnt 
conditions  obtaining  there,  made  so  many  and  such  intricate  demands 
on  the  electrical  engineer,  that  the  eatiafactory  solution  of  the  pro- 
blem  has  been  long  delayed — and  even  now  opinionfi  difi'er  as  to  the  fl 
best  method  for  universal  adoption,  ™ 

At  first,  short  lines  of  railways  have  been  carried  out,  partaking 
more  of  the  ebaracter  of  tramlines  with  fi%ed  stopping  places,  suoh 
for  instance,  as  the  elevated  railway  along  the  Mersey  docks  or  the 
tube  railways  in  London,  of  which  the  City  and  South  London  line 
was  the  pioneer  not  only  in  this  country  but  for  all  other  countries 
as  well. 

On  these  lines  continuous  currents  at  the  comparatively  low 
pressures  not  exceeding  500  volts  are  in  use,  and  they  arc  conveytfd 
to  the  motors  from  a  third  roil,  while  the  running  rails  serve  as  the 
return  for  the  currents. 

Where  the  distances  from  the  power  stations  have  demanded  it. 


I 


Eiectrk 


reeonreo  Is  had  to  high  or  press  nres  at  the  generator  e,  wliicli  is  ecu* 
Terted  into  the  working  prcBsuro  either  by  rotary  couTerters  and 
transformers,  when  the  generators  produce  three-phase  currents^  or 
by  the  three*WLre  system  with  modifications,  when  the  generatori 
prodnce  continuous  currents  of  high  pressure. 

A  fair  example  of  a  modern  railway  ou  these  lines  is  the  elevated 

I       rtolway  of  Berlin,  which,  however,  in  some  parts  dips  under  the  level 

^m  of  the  streets. 

^  Messrs,  SiemenB  and  Halske  have  kindly  lent  a  number  of  fiUi)es, 
which  show  the  endeavours   that  have  been  made  to  mitigate  the 

^  innate  hideouenees  of  an  iron  structure  in  tho  streets. 

^K       Some  other  features  of  this  railway  also  deserve  attention :  onu 

^"  is  the  method  of  bnildiijg  a  etjuare  channel  immediately  under  the 
carriage-way  of  the  streets,  which  is  supported  by  transverse  iron 
girders.  The  shallow  tunnel,  thus  formed,  can  be  readily  ventilated, 
and  if  ^sUy  accessible, 

^^       In  New  York  a  similar  construction  has  been  adopted  for  the 

^Phaw  mnderground  line,  which  will  soon  t>e  ready  for  opening. 

"  Another  feature  of  the  Berlin  line  is  the  way  of  connecting  the 
main  lino  with  the  short  branch  leading  at  right  angles  from  it  to 
the  Potidaraer  Platz.  The  lines  form  a  triangle,  and  are  rising  or 
dipping  from  the  corners  of  the  triangle  in  such  a  way  that  uo 
down  lino  croBscs  an  up  line  at  the  same  level. 

All  the  points  for  directing  the  trains  to  and  from  the  various 
lines  are  moved  electrically,  on  the  lock-and-block  system,  from  one 
signal  cabin  placed  at  a  high  level,  so  that  the  signalman  has  a  good 
view  of  all  trains  approaching  the  triangle. 

Another  attempt  to  transport  passengers  without  interfering  with 
other  traffic  has  been  made  by  MeBwrg.  fcjchuckert  of  Nurnbergj  who 
have  built  a  line  in  Elberfeld  and  Barmen,  ou  the  monorail  system, 
inyented  by  the  late  Mr.  Eugen  Langen  of  Cologne. 

The  permanent  way  of  this  line  consists  of  two  giriiers  supported 
either  by  arches  or  by  **'  A  **  frames,  and  plaoed  at  saoh  &  level  above  the 
fitreot  that  the  passenger  carriages,  hanging  from  wheels,  which  run 
along  the  girders,  are  well  above  the  traffic  in  the  street. 

■  Ample  precautions  are  adopted  to  prevent  the  wheels  running  ofiT 
the  railS}  and  the  current  is  taken  by  a  trolley  from  a  wire  close  to 
the  girder,  Tho  space  between  tho  girders  is  partly  oovorod  in  so 
that  a  footway  is  provided,  which  makes  the  troUoy  line  and  the 
rails  access iblo  at  all  times  even  when  ciirriages  are  running. 

Getting  in  and  out  of  tbe  train,  formed  by  a  motor  carriage  and 
traUers,  is  only  possible  at  the  stations,  which  resemble  the  ordinary 
high  level  stations. 

For  the  greatt^r  part  of  its  length  the  railway  is  suspended  over 
the  river  W upper,  and  the  slides  clearly  show  that  no  beautiful 
prospect  is  injured  by  the  presence  of  the  snperstruoture  over  the 
river. 

At  the  ends  of  the  line  and  also  at  one  intermedtate  station, 
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loops  itxe  proYided  for  trftnsferrmg  the  car  horn  one  line  df  girderf 
to  the  other. 

la  all  these  rftUwaja  eontiuaoas  current  motets  have  been  em- 
ployedp  as  these  can  be  easily  regnlatod  to  rno  at  Tanous  speeds, 
ftad  thej  antomatically  adapt  themselves  tu  their  load.  It  ifi. 
hovrerer,  difficult  to  conBtmct  ench  motors  for  high  Toltages  or  to 
tratisform  high  tension  contiouons  currents  into  low  tension  cnrrentfi. 
When  the  qnestion  of  applying  electric  motors  to  the  traffic  of 
main  lines  was  seriousl  j  t^ken  np,  it  became  at  once  eTldent  that  the 
neoeiiarj  enetg^  could  only  be  supplied  if  MgK  tension  curreats 
were  omployed. 

Owing  to  the  facility  with  which  alternate  currents  caTi  be  traus- 
formed  by  means  of  stationary  coutrivances,  which  require  no  sai>ci'> 
vision  OF  manipulation,  it  is  nstoral  that  most  attempts  to  solve  the 
problem  are  based  on  the  nge  of  alternate  carrents.  For  this  purpose 
single-phase  as  well  as  mnlti-phaBc  alternate  currents  have  been 
employed,  and  either  has  been  used  direct  or  tranaformed  into  cou- 
tiouQUs  current. 

As  long  ago  as  1884,  Dr.  John  Hopkinson  and  Prof.  Adiims 
read  pafiers  before  the  Institution  of  Electrical  Engineers  on  niter- 
iiate  current  motors,  and  iu  the  diseusfiion  experiments  were  men- 
tion edj  which  had  been  carried  out  at  the  works  of  Siemens  Brotijers 
at  Woolwich,  in  which  a  continuous  current  dynamo,  with  laminatctl 
polea,  had  been  driven  as  a  motor  from  a  single-phase  alter u sty 
current  generator.  The  dynamo  even  turned  round  when  the  niter* 
nate  current  was  only  sent  through  the  armature  ;  in  other  worde, 
it  worked  as  an  induction  motor. 

These  eKperimenta  did  not  give  very  promising  results,  ns  the 
periodicity  of  the  alternate  currents  was  too  high ;  they  were,  there- 
fore, dropped  in  favour  of  more  promising  work. 

A  few  years  later,  when  three-phase  currents  found  general  favour 
for  transmission  of  electrical  energy  to  great  distances,  Mr,  Wilhelm 
von  Siemens  camo  to  the  conclusion  that  electricity  could  only  be 
applied  to  main  lincB  by  means  of  overhead  conductors  and  iti  the 
form  of  alter iJ ate  currents.  He,  therefore,  had  a  short  line  laid 
down  in  the  works  of  Siemene  and  Halsk©  in  Charlottenburg,  on 
which  a  small  three-phase  locomotive  was  shown  to  the  German 
railway  authorities  in  December  1892. 

^  The  experiment  was  to  demonstrate  to  them  the  feasibility  ol 
using  overhead  conductors  for  main  Unes,  and  to  induce  them  Iq 
place  a  suitable  length  of  the  State  railways  at  the  disposal  of  the 
tirm,  to  make  their  trials  on  a  sufficiently  large  scale.  Unfortunately, 
the  railway  officials  could  not  be  convinced  that  practical  results 
could  be  attained  on  these  lines,  and  the  request  of  the  firm  wa£ 
refused. 

In  order  to  demonstrate  in  n  proctitml  manner  the  feasibility  o( 
their  proposals,  the  fiim  constructed  an  experimental  line  of  full 
si^e  in  1898,  near  Groes-Liohterfelde,  which  was  visited  in  May  1901 
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bj  the  Institation  of  Electrical  Eagineors,  wlieii  a  tbree-pLase 
electric  locomotive  was  shown  iu  operation,  which  utilised  cnrrcutB 
of  a  pressure  of  10,000  volts  and  oould  attaiii  a  Bpeed  of  sixty  miles 
per  hour. 

This  Ime  was,  however,  only  about  a  mile  long,  aad  the  trials 
were  obviously  not  esliaustive  enough  to  decide  defioitely  how  far 
the  electrical  appliauces  in  use  wore  adapted  for  high  speed  traffic 
on  maiu  lines.  It  served^  all  the  same,  the  useful  purpase  of  settliug 
a  f^ractical  form  of  conductor  and  of  collector. 

The  picture  of  the  locomotive,  as  showu  ou  the  screen^  was  taken 
when  the  president  of  the  Imperial  German  Kail  way  Office  and 
Dr.  Georg  Siemens,  director  of  the  Deutsche  Bank,  visited  the  line 
on  the  29th  Maitsh,  1900. 

Eveuttially  it  was  decided  to  make  experimeutd  on  a  large  BOftle 
vu  the  militiiry  railway  between  Marienfelde  and  Zossea,  and  with 
a  view  of  obtaining  the  co-operation  of  all  thtj  most  competent 
engineers,  a  syndicate  was  formed,  called  "  Studieugesellsoh^  fiir 
elektrische  S^^hnellbahnen/'  by  the  Deutsche  Bauk^  Del br tick  Leo 
&  Co.,  National  Bank,  Jakob  S.  H,  Stern,  A.  Borsig,  Phil.  Ho Iz maun, 
Friedr.  Erupp,  v,  d,  ^ypeti  and  Charlier,  Allgemcine  Elektricitiits 
G^sellschaft,  aud  iSiemeus  and  Halske. 

The  military  authorities  placed  the  line  at  the  dispOBal  of  the 
syndicate,  and  the  President  of  the  Imperial  German  Hailway  O0ce 
l^came  its  chairman. 

While  tho  problem  was  attacked  in  this  fashion  in  the  north  of 
ermany,  Messrs.  Brown,  Boveri  &  Co.,  bad  opened  in  July  1899, 
service  on  the  main  li^e  between  Burgdorf  aud  Tbun,  employing 
Ihree-phase  currents  of  16^000  volts,  which  are  transformed  to  750 
volts  for  use  in  the  motors. 

On  the  other  side  of  tho  Alps,  Messrs.  Qbmz  &  Oo.  fitted  up  the 
Leeco-Sondrio  railway  with  three-phane  motors,  in  which  their  system 
of  ■'  cascade  *'  connection  served  for  regulating  the  starting  torque 
of  the  motors. 

By  this  system  the  SOOO-volt  current  of  the  line  is  connected 
direct  to  the  eta  tor  of  the  first  motor,  while  the  rt^tor  of  the  first 
motor  is  connected  to  the  rotor  of  the  second  motor,  both  elec- 
trically and  mechanically;  while  a  resistance  is  introduced  iu  tbs 
circuit  of  the  second  stator. 

As  tho  train  accelerates  this  resistance  is  out  out  until  at  half- 
speed,  the  stator  of  the  second  motor  is  short  circuited*  The  second 
motor  is  then  cut  out  altogether,  and  the  resistance  iu^rted  into  the 
circuit  of  the  first  rotor;  again  it  is  gradually  diminished  uutil  at 
full^peed  the  first  rotor  is  short  circuited. 

Just  about  two  years  ago  Messre.  Mordey  aud  Jcnkin  read  a 
paffcr  on  "  Electric  Traction  on  Railways/'  befera  the  lustitution  of 
Civil  Engineers,  here  in  London,  and  came  to  the  conclusion  tbat 
a  single^phase  alternatiug  current  system  was  the  best  for  the  geuera- 
tiott,  transmission  and  distribution  of  powers  with  one  overhead  con- 
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dtictor  »Dd  a  return  conductor  on  the  grotuid,  %vliiob  can  be  eitber 
the  rails  or  an  insulated  conductor  ftt  practically  tlio  ear  lb 's 
potential. 

Their  idea  of  ntiHsiug  the  single-pbase  curiietita  was  to  have  a 
stngle-phaae  motor  driving  a  l»rg<^  continuous  current  generator,  and 
a  emaller  one  for  exciting  the  fields  of  the  generator  and  of  the 
train  motor. 

All  this  machinery  is  carried  on  the  locomotive,  which,  therefore, 
resembles  a  Heilmann  locomotive^  except  that  the  steam  engine  is 
replaced  by  the  gingle-phaso  motor. 

In  this  system  the  regulation  of  speed  is  effected  on  the  Ward- 
Leonard  plan  hy  adjusting  the  strength  of  the  magnetic  field  of  the 
continuous  current  generaton 

A  very  similar  system  has  been  carried  out  by  the  OerliltoD 
Company  for  the  electric  railway  between  Seebach  and  Wettingen. 
And  they  have  kindly  placed  at  my  diBpoeaJ  some  photographs  of 
the  railway  and  of  the  locomotive,  from  which  the  alides  have  been 
prepared. 

One  feature  which  deserves  attention  is  the  form  of  the  collector, 
which  is  a  curved  bar  turning  round  a  horizontal  axle  on  the  carriage 
and  pressed  against  the  conduotor  by  ^  spiral  spring.  This  arrange- 
ment allows  the  collector  to  adapt  itself  to  all  the  various  poaitioDi 
which  the  conducting  wire  may  successively  take  up  relative  to  the 
moving  carriage. 

It  is,  however,  poesible  to  use  single-phase  motors  direct  for  the 
propulsion  of  vebicles  by  reverting  to  the  induction-raotor,  and  this 
has  been  done  by  Mr.  Lamm^,  an  engineer  of  the  WestiDghouse 
Company  in  America,  and  by  Di\  Finzi  in  Milan,  and  by  the  Union 
Company  of  Berlin, 

This  latter  company  is  running  such  electric  motor  cars  on  an 
experimental  track  about  4  km.  long  between  Johannisthal  and 
Spindlorsfeld  near  Berlin* 

Their  working  current  is  6000  volts,  which  passes  direct  into  the 
stator  of  the  motors,  while  about  the  sixth  part  of  the  current  is  trans- 
formed do\vn  for  lighting  and  regulating  purposes. 

The  working  conduotor  is  supported  by  being  connected  at 
intervals  of  3  metres  to  a  carrying  wire,  which  has  not  much  strain 
on  it,  the  object  being  that,  in  the  case  of  the  wire  breaking,  its  ends 
cannot  touch  the  ground > 

The  Union  Corapsny  have  kindly  sent  me  some  photographs  nf 
the  line,  which  fully  explain  the  arrangements. 

Be  verting  now  to  the  Studiengesellschaftj  which  was  formed  ia 
November  1899,  they  resolved  to  carry  out  experiments  for  the 
purpose  of  attaining  a  speed  of  200  km.  (125  miles)  per  houTj  and  to 
utilise  three-phase  currents  of  at  l^st  10,000  volts. 

The  Allgemeine  Elektricitats  Gresellsehaft  and  Siemens  antJ 
Hftlske  were  requested  each  to  design  a  motor  car  capable  of  aoooin- 
plishing  this  speed  in  a  satisfactory  manner,  and  Mr.  Losche.  an 


1904,]  on  New  BemhpmeniB  in  Electric  Rmlwaij«.  469 

engineer  of  the  Allgemeine  Elektricitats  OesellficbBft,  described  to 
tlie  Engineering  Coiiference  in  Glaagow,  in  September  1901,  the  cftr 
wb ich  ha^l  been  built  by  his  compiiny^ 

Before,  howoTer,  the  design  of  the  ear  could  bo  decided  oo,  some 
prelimitiary  experiments  had  to  be  carried  out,  to  deteinniiie  the 
power  neoessaiy  for  propelling  the  cap  at  the  unprecedented  speed  of 

^2  200  km.  per  honr, 

H       It  cvag  very  evident  that  the  resistance  of  the  air  wonid  be  the 

■  meet  important  factor,  but  the  usual  formaliB  relating  to  the  air 
resistance  of  railway  trains  gave  such  high  values  that  a  confirmation 

^^mfd  these  rosults  by  a  special  experiment  appeared  very  desirable. 

^B  Meiers.  SienienB  and  Haleke,  therefore,  £xed  up  a  200  horse- 
power motor,  with  its  asle  in  a  vertical  pqsitioij,  and  an  ordinary 
tramcar  wheel  was  pressed  on  it  on  top.  To  this  tram  car  wheel  a 
wooden  plank  was  bolted  85  mm,  thick,  500  mm.  broad  and  6350  mm, 
long.  On  the  eiidB  of  this  plank  two  plain  boards  wero  fixed  in  the 
first  instance,  to  represent  the  surface  of  a  car,  and  the  power  supplied 
to  the  motor  was  measured  while  it  wns  revolving  at  various  speeds. 

Afterwards,  instead  of  the  plain  surface,  a  broken  surface,  roughly 
parabolic  in  plan,  was  substituted]  and  the  air  resistance  dropped  very 
ooneiderably  to  about  90  kg.  per  sq^uare  metre  at  a  speed  of  200  km, 

^j)er  hour, 

^F     Thus  it  was  found  that  for  air  resistance  and  for  mechanical 

^■friction,  the  motors  had  to  develop  950  horse-power  to  drive  a  car 
weighing  96  tons  at  a  speed  of  200  km.  per  hour. 

For  safety's  sake  the  motors  were,  however,  made  capable  of 
developing  about  50  per  cent,  more  power  as  their  normal  output, 
aud  the  actual  experience  afterwards  proved  the  wisdom  of  this 
increase. 

*In  any  case  it  was  necessary  to  provide  nearly  8000  horse-power 
for  thii  period  of  acceleration,  and  allowing  an  overload  of  100  per 
eent,  for  tliis  period,  the  normal  output  of  the  four  motora  together 
was  fixed  at  about  1500  horse-power. 

There  were  a  ntimber  of  other  investigations  to  be  made  in  order 
to  determine  the  safest  way  of  coll  acting  the  high  tensiou  current, 
transforming  it  to  the  wurking  pressure,  and  regulating  the  motors, 
m>  that  the  actual  experiments  did  not  begin  until  the  autumn  of  the 
year  190L 

The  line  from  Marionfelde  to  Zosaenis  about  23  km,  (14J  statute 
milea)  long,  and  the  smallest  radius  of  a  curve  is  2000  nu^  while  the 
U_  TuHng  gradieut  is  1 :  200. 

!■        Along  this  line  the  three  conductors  are  carried  in  the  way  settled 
"  by  experiment  for  the  trial  line  at  Groes-Lichterfelde. 

The  three  wires  are  supported  by  insulators  at  a  vertical  distance 
of  1  m.  from  each  other,  and  Uie  insulators  in  turn  are  elaeticaUy 
ftiipporte<l,  as  shown  by  the  slide,  so  that  the  collectors,  in  passing 
the  supporting  posts,  do  not  receive  violent  blows. 

Ea^h  conductor  is  connected  at  the  insulaton  to  a  loop,  which 
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passes  round  the  support  of  the  insnlaters,  ftod  also  round  a  vertic«il 
wire,  which  !b  connected  to  the  rxmnjng  rails,  and  through  them  to 
earth. 

This  device  is  added  for  the  case  that  a  high  teosiofU  wire  breaks, 
ae  the  loop  theu  comes  io  coutact  with  the  efirthed  wire,  and  prevents 
an  J  danger  from  high  teueion  curreuts. 

When  the  Allgemeino  Elektricit^te  Qesellschaft  car  ran  nt  its 
highost  speed  one  of  the  conductors  broke  and  struck  a  man  who 
bitppened  to  stand  near,  but  luckily  the  earth  connection  proved  to  be 
effective^  and  no  harm  woe  done. 

Bxceptiug  this  accident,  which  was  caused  b^  the  abnormal 
swa^ring  of  the  car,  the  method  of  Euspending  the  conductors  gave 
every  satisfaction,  and  the  experiment  on  tlie  Zossen  line  thtis 
confirmed  the  previouE  favourable  expenence  gained  at  Gros^ 
Lichterfelde. 

The  current  for  the  experiments  was  supplied  from  the  poorer 
Btation  of  the  Berlin  Electricity  Works,  at  Obereprec,  through  a 
feeder  abotit  13  km.  (Si J  statute  miles)  long,  and  it  was  generated  by 
a  3000  kw.  three-phase  alternator,  driven  tlirect  by  a  steam  engine. 

It  waa  posBihle  to  regulate  the  oiitput  so  &s  to  give  from  25  to  50 
periods  per  second,  which  corresponded,  after  transforming  np,  tvith 
&  difference  of  potential  of  from  6000  to  14,000  volts  at  the  stAtton 
end  of  the  feeder. 

As  the  set  is  designed  to  give  its  full  output  at  50  periods,  it  was 
rather  over-loaded  at  the  lower  speeds,  so  that  the  motors  could  not 
develop  their  full  power  during  the  acceleration  period. 

The  connection  between  the  periods  of  the  generator  and  the 
speed  of  the  car  is  determined  by  the  diameter  of  the  car  wheels  and 
the  number  of  poles  of  the  motors* 

In  this  case,  six-pole  motors  were  employed,  driving  the  axle 
direct,  and  the  diameter  of  the  wheels  is  1  *  25  metre. 

Consequently,  the  kilometres  per  hour  are  found  by  multiplyiug 
the  periods  per  eecontl  by  4 '  714. 

Thus  :— 30  periods  correspond  to  141*d2  km,  per  hour. 
40       „  J,  188 '56    „  „ 

50       „  ,,  235-70    „  „ 

In  other  words^  the  speed  of  the  cars,  neglecting  the  sHp,  depends 
on  the  generator,  and  not  on  the  motor ;  in  this  way  the  differences 
in  speed  on  liifTerent  days  and  on  the  two  cars  are  explained^ 

One  of  the  most  difficult  problems  was  to  transfer  the  electric 
current  from  the  stationary  conductor  to  the  moving  car  at  tht*  very 
high  i^eds  which  were  eventually  attained. 

Here  again,  the  experience  of  Gross-Lichterfelde  proved  to  be  of 
service^  as  the  comparison  between  the  collectors  on  tbe  Licbterfelde 
locomotive  and  on  the  Zossen  line  clearly  shows.  In  fact,  tbe 
syndicate  prescribed  the  adoption  of  this  coUeotor  for  both  cars. 

During  the  first  experiments  the  Lichterfelde  collector  proved 
satisfactory,  but  at  speeds  of  175  km.  and  more  per  hour  the  ma&^ 


on  Neto  J}evelopmctiU  in  Electric  Mctilmays, 

of  the  p«&rb  toncHng  the  coa  it  actor  proyed  to  he  too  great,  and  li 
fiirllier  Bpring  was  added,  so  that  the  contact  ariSf  coustructod  of 
br&&3  and  alumiainm,  which  la  preased  by  the  spriug  against  the 

kwire,  weighs  only  600  gr.  (IJ  lb.  avoirdupoie). 
The  spring  again   is  carried  by  a  hinged  framCj  which  in  its 
turn  is  fastened  to  a  vertical  axle. 

To  cQUQterbalaace  iho  influence  of  the  air  preasure  on  all  this 
Btructiire  a  Ejqnare  board  is  fixed  to  the  frame  on  the  other  side  of  the 
Tertica!  axis,  and  its  size  is  such  that  the  pressure  of  air  on  it  just 
balances  the  air  preeanie  on  the  other  parts  of  the  collector. 

It  w^  therefore  poBsible  to  adjust  the  presanre  between  ooUeotor 
and  conduotor  to  remain  the  same  within  narrow  limits  at  any  spaed. 

The  official  report  of  the  Studiongesellschaft,  for  the  year  1901, 
points  out  that  the  permanant  way  of  the  military  line  between 
Marienfelde  and  Zossen  was  not  in  a  yery  good  condition,  hut  that  it 
was  deemed  expedient  to  gain  some  experience  before  relaying  it  in 
a  substantial  manoer. 

After  describing  the  preliminary  tests  at  the  works  of  the  two 
manufacturing  firms,  the  report  gives  the  offioial  regulations,  drawn 
up  by  commissi  oners  deputed  by  the  Eoyal  Railway  Direction^  Berlin, 
the  Royal  Goverument  at  Potsdam,  and  the  Hoyal  Post  Office  at 
Berlin.     They  fill  five  printed  pages  of  the  report. 

In  this  year  four  seti  of  trials  were  run  : — 

During  the  first  set  the  generating  station  supplied  current  at 
25  periods,  and  the  motors  were  connected  only  long  enough  to 
attain  a  speed  of  100  km.  per  hour.  As  soon  as  this  speed  was 
reached  the  current  was  cut  of£  and  the  brakes  applied. 

During  the  second  set,  and  with  currents  of  the  same  periodicity, 
the  cars  were  run  the  whole  distance  at  a  speed  not  exceeding  100  km, 
^per  hour. 

B       As  soon  as  these  trials  had  been  run«  and  all  the  machinery  had 
™  been  found  to  work  smoothly,  the  third  set  was  commenced,  in  which 
the  speed  was  increased  to  ISO  km. 

Up  to  this  speed  no  serious  defects  had  shown  themselTCSf  but 
when,  during  the  fourth  sot  of  trials,  the  speed  was  increased  Estill 
more,  the  permanent  way  gave  out,  and  the  cars  began  to  sway  in  a 
dangerous  manner. 

The  highest  speed  during  this  year  was  160  km,  per  hour,  and 
the  conclusions  arrived  at  -were  that  the  (M>nductors  and  eoUeotors 
had  proTed  quite  eatiafaotory  at  these  speeds,  that  thr«e-phase  motors 
were  suitable  for  i-apid  transit,  that  the  brakes  were  not  quite  efHeient 
enough,  and  that  the  determination  of  the  resistance  of  the  air  was 
not  accurate  enough. 

The  report  further  mentioned  that  the  permanent  way  of  the 
iwilitary  line  was  not  safe  for  speeds  exceeding  120  km.  per  hour, 
and  that  further  observations  were  required  to  determine  the  amount 
of  energy  supplied  by  the  power  station  and  the  durability  of  all  the 
miiohiaery  and  apparatus  employed » 
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Dtmng  the  jeor  1902  the  epeeds  of  the  curs  were  aot  allowed  to 
exceed  125  km.  per  hour,  as  it  had  not  beeti  poesible  to  arrange  for 
the  rela^mg  of  the  permanent  way,  bnt  observations  were  made  oti 
air  resistance  at  TnrionB  BpeedB,  and  on  tractive  forcse  for  the  cars 
atone  or  when  drawing  other  vehicleB. 

Exjift  measuremeuts  were  ako  taken  of  the  el^tric  loeses  in 
feeders  and  conductors,  and  further  trials  were  made  with  the  brakes. 

Some  trials  were  also  nm  with  an  electric  locomotiTet  constrncted 
by  Siemens  and  Halske^  for  utilising  three-phase  cnrrents  of  12,000 
volts  direct  in  the  motors,  anddispendng  with  the  heavy  transfonaers 
Hied  on  the  motor  cars. 

The  locomotive  sncceeded  in  drawiDg  a  train  of  11  carnagee, 
weighing  153  tons,  at  a  speeil  of  51  km.  per  hour,  when  the  onrrent 
had  45  f>eriods  and  12,500  volts  prefifitire. 

At  the  time  of  the  experiments  it  had  been  fitted  with  two  motors 
only,  but  eventually  it  will  have  four,  and  then  it  will  be  capable  of 
eiterting  about  double  the  power. 

As  the  motors  gave  no  trouble,  and  no  difficulty  was  eicpcrienoed 
in  haudling  these  bigh  tension  currents,  these  trials  show  the  po^i- 
bility  of  a  very  simple  construction  of  main  line  electric  locomotives. 

The  result  of  the  1902  experiments  was  that  some  altenitions  in 
the  constmction  of  the  bogies  of  the  motor  cars  were  undertaken — 
notably,  the  wheel-base  was  lengthened  from  3-8  to  5*0  m. ;  thiE 
change  involved  a  modification  in  the  brake  mechanism,  which  had 
again  failed  to  give  satisfaction,  and  it  also  very  much  improved  the 
steady  running  of  the  cars  at  the  very  high  speeds. 

In  the  beginning  of  last  year  the  relaying  of  the  permanent  way 
was  commenced,  and  it  was  made  equal  to  the  standard  permanent 
way  of  the  Prussian  State  Main  liues  for  eipress  traffic,  with  the 
addition  of  guard  rails. 

When  the  alterations  to  the  motor  ears  had  been  finished,  further 
trial  runs  were  made,  during  which  the  Siemens  car  attained,  on  the 
16th  of  September,  a  speed  of  145  km.,  and  in  the  following  week,  on 
the  iJ3rd  of  Septemberj  a  speed  of  175  km. 

During  the  latter  run,  as  mentioned  before,  the  collector  did  not 
work  satisfactorily,  and  a  slight  alteration  was  made  in  its  constmc- 
tion. 

On  the  26th  of  September  the  speed  of  the  Siemens  car  reached 
189  km.,  and  on  the  6th  of  October  the  speed  of  201  km.^  or  125 
miles  per  hour,  was  first  accomplished. 

It  is  notable  tliat  the  electrical  appliances  and  connections  of  this 
car  remained  exactly  the  same  from  1901  to  the  present  time. 

The  car  of  the  AUgemeine  Elektrieitiits  GeBollschaft  commenccol 
to  run  a  few  days  later,  arid  attained,  on  the  28th  of  October^  the 
maximum  speed  of  210*2  km.  per  hour,  with  a  periodicity  of  47*5 
per  second.  During  this  run  the  conductor  was  damaged^  and  the 
generating  machinery  rather  strained^ 

In  consd^nence  of  this,  the  speed  of  further  rttns  was  somewhat 
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diminisliedf  the  aeiit  b^st  being  mode  on  tho  lltb  of  NoTember, 
when  the  periodicity  was  45  *  S  per  eecond,  the  speed  of  the  Allge- 
meme  Elektticitatfi  Geeolkchaft  car  196  km.,  corresponding  to  a  slip 
of  8*4  percent,  and  the  speed  of  the  Siemens  cat  208  km,,  corre- 
Bponding  to  a  slip  of  2  -  8  per  cent. 

Again,  on  the  25th  November,  with  a  periodicitj  of  45  J  per  bcc. 
the  Allgemeine  Elektricitats  Gesellachaft  car  attaiood  204' 9  km.,  a 
Blip  of  3' 9  per  oent.»  and  the  Siemens  car  207 '3  km.  i>er  hoor^  a  slip 
of  2}  per  cent. 

The  diffisrence  in  the  slip  of  the  two  motor  care  is  probably  due 
to  the  fact  that  at  full  speed  the  SiemenB  motors  are  metallically 
short  circuited,  while  in  tbe  circuit  of  the  Allgemeioe  Etektrioitatd 
Geeellficbaft  motors  tbe  liq^uid  resiBtance  is  not  q^uite  removed. 

I  am  indebted  to  tbe  Allgemeine  Elektrici tilts  Gesellecbaft  and 
to  Siemens  and  Halske  for  the  photographs  and  the  information  about 
k«t  year  s  trials,  which  I  have  been  able  to  pbce  before  yon 
to-nigbi 

In  any  case,  the  results  of  tbese  triale  olearly  establish  tbe  fact 
that  it  is  possible  to  run  up  to  a  speed  of  200  km.,  or  125  statute 
miles,  per  hour  on  tbe  same  [lertnanent  way  as  is  now  used  on  well- 
built  main  lines  for  express  traffic,  and  that  at  such  a  speed  the  higb 
tension  electric  current  can  pass  from  the  stationary  conductors  aloug 
tbe  line  to  the  moving  car  without  difficulty . 

These  two  facts  are  qnite  independent  of  tbe  kind  of  motor  em- 
ployed, and  are  eq^ually  applicable  to  the  other  railway  motors  which 
have  been  described  during  the  lecture. 

The  electrical  engineers  can  claim,  therefore,  that  they  are  quite 
ready  to  mn  main  line  traffic  by  means  of  electrical  motors,  and  that 
they  are  prepared  to  do  so  at  about  double  the  speed  of  the  present 
expf^esa  trainB—in  fact,  that  technically,  the  problem  has  been  solved 
m  a  satisfactory  manner. 

It  would  be  rash,  however,  to  assume  from  these  suceeBses  that 
Steam  locomotives  will  disappear  in  tbe  near  future  from  the  main 
lines  of  railways,  to  be  replaced  by  fast  running  motor  care,  following 
each  other  in  quick  succession. 

No  innovation  in  this  material  life  has  any  chance  of  general  and 
permanent  Introduction,  unless  in  replacing  esistiug  means  it  Intro- 
daces  a  saving  of  money* 

Applying  this  rule  to  the  present  oise  it  is  at  once  apparent  that 
the  existing  main  Unes,  although  their  permanent  way  baa  been 
proved  to  be  sufficiently  strong,  do  not  lend  themselves  to  the 
immediate  use  for  rapid  transit  on  account  of  the  curves  which  occur 
in  them. 

As  stated  before,  the  worst  curve  on  the  Zosaen  line  haa  a  radius 
of  2000  metres,  which  is,  for  ordinary  traffic,  almost  negligible  ;  but 
during  the  rapid  transit  experiments  the  speed  of  the  cars  had  to  be 
lowered  to  160-170  km,  per  hour  when  passing  through  these  curves, 
in  order  to  make  their  runiung  reasonably  safe. 
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It  will,  therefore,  be  necessary  to  build  special  main  lines  for  this 
fast  traffic  with  no  intermediate  stations,  and  with  no  leyel  crossings 
of  any  kind.  They  shonld  not  have  any  onrves  with  less  than  2000 
metre  radios,  except,  perhaps,  near  their  stations,  where  the  speed  of 
the  car  most  of  necessity  be  slow. 

In  order  to  justify  the  capital  outlay  for  such  lines,  and  for  their 
equipment  with  frequently  running  cars,  an  enormous  traffic  is 
required,  and  it  is  not  likely  that  many  places  will  be  found  where 
this  condition  is  fulfilled. 

On  the  other  hand,  increased  facilities  for  communication  create 
traffic,  and  the  possibility  of  teaching  Liverpool,  for  instance,  from 
London  in  less  than  two  hours  may  attract  a  sufficient  number 
of  passensers  to  warrant  the  making  of  a  new  bee-line  railway 
between  the  two  towns. 

Another  question  is,  whether  it  would  not  stimulate  the  traffic 
between  two  towns,  if  the  service  between  them  were  run  at  very 
frequent  intervals  without  increasing  the  speed  of  the  individual  car 
or  train  of  cars. 

No  answer,  applicable  everywhere,  can  be  given ;  each  case  has 
to  be  tested  on  its  own  merits,  and  in  every  case  it  is  the  economical 
result  which  will  decide  the  issue ;  but  in  estimating  the  merits  of 
any  particular  scheme  due  consideration  should  be  given  to  the  well 
established  principle,  '*  Time  is  Money." 

[A.  8.] 
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Hat  I  craira  your  lenient  judgment  daring  a  paesmg  hour  f  The 
anbjeot  ia  so  vaat,  and  the  time  so  shozt,  that  I  hardly  feel  equal  to 
the  task. 

I  hope  you  will  eefteon  yonr  jnat  critioisms  with  a  etprinkling  of 
the  sweet  waters  of  mercy.  If  so^  I  am  enoouraged  to  proceed  at 
once  to  give  a  short  aooonnt  of  some  of  the  meohan&ms  related  to  the 
process  of  breathing  in  living  beings. 

It  has  heen  said  that  the  most  strildiLg  facts  connected  with 
respiration  are  its  uniTeraality  and  its  continuity.  In  popular  language 
**  the  breath  ia  the  life."  Breathing  is  not  oidy  a  sign  of  life,  it  is  a 
condition  of  its  existcnoe.  Feruianent  cessation  of  breathing  ia  re- 
garded ae  a  sign  of  death.  Link  up  with  this  the  icy  coldness  of  death 
and  yott  have  two  significant  facts, 

Hespi ration  and  calorification  are  therefore  intimately  related ;  in 
£&ct,  calorification  is  one  form  of  expression  of  the  results  of  respira- 
tory actiidty. 

The  popular  view  of  respiration  is  an  inference  from  what  is 
oheerved  in  man  and  animals.  During  life  the  rise  and  fall  of  the 
cheat  goes  on  rhythmically  from  the  beginning  to  the  end.  The 
respiratory  exchanges  efiTected  in  the  breathing  organs — lungs  or 
gills— ^xjnstitu to  ♦*  external  respiration."  This,  however,  scarcoly 
touches  the  main  problem,  viz.  what  is  called  "  internal  respiration/' 
or  tiaaae  respiration — i.e,  the  actual  breathing  by  the  living  cells  and 
tissues  which  make  up  a  complex  organism. 

We  are  told  that  man  does  not  live  by  bread  alone.  We  know 
he  requires,  in  addition,  solids,  Buids,  and  air.  Taking  these  to 
lepresent  the  thrGe  graces,  then  air  is  of  all  the  graces  best> 
I  The  higher  animals  have  practically  no  reserve  stores  of  air— 
Bnlike  what  happens  with  the  storage  of  fats  and  protoids — and  hence 
Ihe  necessity  for  mechanisms  by  which  air  is  continually  supplied  to 
the  living  tissues,  and  also  by  which  the  waste  product  of  combustion, 
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iriis,  carbon  dioiide,  ie  got  rid  of.  Closure  of  the  wind-pipe,  even  for 
a  hw  minuteg,  brings  dentb  with  it  from  etiffocation*  The  entrance 
of  oiygen  is  prevented  and  tho  escape  of  carbon  dio3ti^e  is  arrested. 

The  process  of  breathing  i&  common  to  all  living  beings^to  plantfi 
and  animals  alilco.  It  ooEBiBts  esBentiallj  in  the  cont^timptioa  of 
ox  J  gen  by  the  tifiaaeB  and  the  giv'iog  out  of  carbon  dioxide.  It  is 
immaterial  whether  the  animals  or  plants  live  in  water  or  air,  tb« 
principle  is  the  aame  in  bolh  cases.  Living  active  protoplasm 
demands  a  supply  of  oxygen* 

All  the  world  ^s  a  stage.  The  human  body  ia  at  once  a  sta^  and 
a  tabernacle— a  vast  theatre— and  the  myriada  of  diverse  cells  of  wluch 
it  is  composed,  the  piny  erg. 

The  cells  or  players,  as  active  living  entities,  not  only  requif^  food 
bnt  they  require  energy.  Tbe  respiratoEy  exchanges  in  and  by  the 
living  cells  provide  the  energy  for  the  organism.  This  breathing  by 
the  oelle  is  called  "  internal  respiration.^  In  a  complex  organisna^ 
therefore,  the  respiratory  exchanges  repreecnt  the  algebtaic  anm  of 
the  respiratory  activity  of  the  several  tisfiuea  that  make  np  the 
organism.  The  various  tissues,  however ^  breathe  at  very  unequal 
rates. 

In  one  of  bis  charming  "  contes  philosophiques,"  Voltaire  describes 
the  visit  of  a  giant  of  Sinus  to  our  planet.  Before  reaching  hii 
journey's  end  he  would  have  to  traverec  aii  aerial  medium ;  and  on 
arriving  would  see  before  him  a  fluid  medium  in  continual  movement, 
and  tracts  of  solid  land.  After  investigation— or  no  doubt  he  would 
be  told,  even  though  he  was  not  personally  conducted — that  the  water 
sniface  of  this  our  globe  is  two  and  a  half  times  greater  than  the 
land  surface.  He  would  discover  that  there  are  animals  that  live  ia 
air»  others  in  water^  and  again  others  on  land^  Our  visitor  would  find 
out  that  the  reepirable  media  are  two — water  and  airland  that  theire 
are  210  parts  of  free  oxygen  in  a  litre  of  air,  while  there  are  onl; 
3-10  dissolved  in  a  litre  of  water. 

Had  Voltaire's  friend  paid  ue  another  visit  daring  the  present 
century^  we  should  be  able  to  tell  him  that  the  water  of  the  Thsmes 
above  London  contains  7*40  c.o.  of  0  per  litre ;  at  Woolwich  only 
0*25;  the  decrease  being  due  to  the  pollution  of  the  river.  Putting 
it  broadly,  water  contains  only  3-10  parte  per  litre»  while  air  contains 
210,  Water-breathers  under  good  ctmditkms  have  twenty  times  leai 
0  than  aij'breatbers.  It  is  as  if  air- breathers  on  land  had  the  per- 
ceutage  of  O^  reduced  to  1. 

He  would  also  be  told  that  carbon  dioxide — CO^ — is  also  remark- 
ably soluble  in  water,  and  readily  combines  with  certain  bases  present 
in  water;  thus  water  forms  an  admirable  medium  into  which  wi 
animal  may  discharge  its  effete  and  poisonous  irrcspirable  CO,. 

He  would  also  be  told  that  our  blood  contains  60  volumes  i^f 
eent,  of  ga^es,  and  that  there  is  more  0  and  less  00^  in  arrerial  blood 
than  in  venous  blood. 

Perhaps  the  name  of  Sir  H.  Davy  might  be  whispered  to  himi  for 
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he  was  one  of  the  first  to  detect  the  preBence  of  gaB6B  O  and  CO^  In 
blood. 

In  story,  one  has  heard  of  the  "  Quest  of  the  Holy  GraiL"  I  have 
6760  listened  with  rapt  attentioiL  to  an  entrancing  leotnre  on  the 
"Qneflt  of  the  Ideal/'  For  the  coll,  the  quest  is  the  **  quest  of 
oxygen,^^  and  it  is  not  bappy  till  it  gets  it. 

We  speak  of  a  distinction  between  air-breathora  and  wator- 
broathcrs.  If,  however,  we  push  the  matter  to  its  ultimate  issue,  we 
find  that  all  our  tissues — and  equally  those  of  plants — live  in  a 
wmteiy  tnedium;  in  us  the  fiuid  lymph  which  exudes  from  oar 
csapillary  blood-yessels,  and  in  plants  in  the  sap.  Thus  we  come 
upon  what  at  first  seems  a  paradox,  but  is  not  so ;  all  our  cells  nut 
only  live  in  water,  but  they  Hve  in  running  water.  They  ture  bathed 
eveiywhere  by  the  lymph  which  ie  the  ;real  nutrient  flnid  for  our 
cells.  Thus,  in  its  final  form,  all  respiration  is  actually  aquatic*  The 
process  of  internal  respiration,  besides  other  conditions,  requires  the 
presence  of  a  certain  amount  of  water.  In  fact,  all  Tital  phenomena 
require  the  presence  of  water. 

The  unity  and  identity  of  the  process  in  animal  and  Tegetable 
i^lls,  as  the  tbeatro  of  combustion,  is  the  striking  fact.  The  njeaUB  by 
which  the  nccesHAry  oxygen  is  brought  to  the  calls  is  as  varied  as  the 
forms  of  animated  organisms  themselve?.  This  function  exists  for 
the  cells,  and  not  the  cells  for  the  function. 

If  the  mountain  will  not  go  to  Mohammed,  Mohammed  must  go 
to  the  mountain*  There  are^  at  least,  two  principles  on  which  animal 
cells  obtain  oxygen. 

The  air,  or  water  containing  air,  is  carried  to  the  cells.  This  is 
the  principle  adopted  in  the  lower  invertebrates,  as  io  sponges  and 
with  regard  to  certain  air-breathers  such  as  insects. 

The  other  principle  is  this,  that  an  intermediary  carries  the 
respiratory  oxygen  from  some  more  or  less  central  Iqwallsed  or  ditfnse 
surface  to  the  cells*  This  intermediary  is  the  blood — an  internal 
medium  of  exchange.  The  fluid  part  of  the  blood  may  carry  thti 
oxygen  supply  and  remove  the  carbonic  dioxide  waste.  This  is  thu 
case  in  many  of  the  invertebrfites,  and  it  reaches  its  highest  develop- 
meiit  in  the  vertebrates.  Hence  in  them  the  circulating  and  respiia^ 
tey  lystems  reach  their  fullest  development. 

In  most  invertebrates  the  fluid  part  of  the  blood  contains  the 
nutritive  substances  and  also  tbo  oxygen  and  carbonic  acid.  In  the 
vertebrates,  the  hmmoglobin  of  the  red  blood  corpuscles  carries  the 
oxygen  from  tho  gilk  or  lungs  to  the  tissues,  wbUst  the  CO^  is  con- 
tiiiied  in  and  carried  chiefly  hy  the  blood  plasma  from  the  tissuea  to 
tlie  gills  or  lungs. 

It  is  singular  that  in  the  cephalopo<1s,  such  as  the  squid  and  cuttle- 
fish, the  blofid  is  bluish  in  tint ;  and  this  is  duo  to  tho  presence  in 
the  plasma  of  a  respiratory  pigment  called  hemucyanin.  This  body 
hm  a  composition  Uku  that  of  hcBmoglobin,  but  copper  is  gubstitutcd 
for  the    iron    of  the   hsemoglobin*     Copper    also  exists  in  orgaiitc 
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combm»lioa  io  the  red  pftrt  of  the  feathers  of  the  Plan taln-^OA tar  or 
Turttoo. 

The  real  ariBtocracy  with  gemiine  blue  blood  are  the  ombe, 
lobeters,  squids,  and  outtle-fishes. 

Perhftpe  one  of  the  most  striking  ways  of  dissociating  this 
aooeasory  mechftDiem  from  the  activity  of  the  cell  itself  is  faj  the  iise 
of  a  poison.  Whan  a  person  is  poieoued  bj  coal  gas,  what  happens  ? 
The  coal  gas  contains  carbon  monoxide*  This  gas  does  not  poison  in- 
Tertebrate  animals  or  plants.  Still  it  kills  vertebrate  animals.  Wliy  ? 
It  does  not  kill  bj  acting  on  the  living  cells,  only  by  depriving  them 
of  oxygen  asid  asphyxiating  them.  It  combines  with  the  respiratory 
pigment  hsemoglobin.  Chloroform,  ether,  and  similar  drags  destroy 
the  actual  life  of  the  cell  elements  by  destroying  their  irritability. 

As  this  year  of  grace  marks  the  centenary  of  the  death  of  Joseph 
PHesUey,  I  may  be  permitted  to  refer  to  tui  early  discovery  of  the 
action  of  green  plants. 

In  1771,  Priestley  fomid  that  air  vitiated  by  combustion  of  s 
candle,  or  by  the  breathing  of  anlmals^snch  as  mice — conld  be  made 
pare  or  reapirable  again  by  the  action  of  green  plants. 

Under  certain  conditions,  however,  Priestley  found  that  plants  gave 
off  carbonic  acid,  and  the  air  did  not  support  combustion  or  anitosl 
life.  He  regarded  these  as  ^*  had  e:£perimentB,"  and  he  selected  what 
he  was  pleased  to  regard  as  ^*  good  experiments,''  i.e.  those  in  whicb 
the  air,  rendered  impure  by  the  respiration  of  animals,  was  rendered 
respirable  by  the  action  of  green  plants. 

In  1779  John  Ingen-Housz  published  his  *'  Experiments  on  Vege- 
tables, discovering  their  gnmt  power  of  purifying  the  common  air  in 
sunshine,  and  of  injuring  it  in  the  shade  and  at  night." 

He  confirmed  Priestley's  obeervations  that  green  plants  thrive  m 
putrid  air ;  and  that  vegetables  could  convert  air  fouled  by  burning  of 
a  candle,  and  restore  it  again  to  its  former  purity  and  fitness  for  sup* 
porting  flame,  and  for  the  respiration  of  aniiaalB^Ha',  as  he  puts  it 
*'  plants  correct  bad  air," 

In  1787  Ingan-HouBz,aJi  English  physician  at  the  Austrian  court, 
found  that  only  in  daylight  did  green  plants  give  o&  oxygen,  hk 
darkness,  or  where  there  was  little  Ught,  they  behaved  like  auimalB  so 
far  aa  exchange  of  gases  is  concerned,  i.e.  they  used  up  oxygen  and  ei* 
haled  carbonic  acid*  He  found  also  that  all  roots,  when  left  Qtii 
of  the  gTOund,  yielded  by  day  aud  by  night  foul  air,  i.e.  carboiiic 
acid. 

In  the  same  y^r»  1804 — the  year  of  Priestley *fi  death — Nicol»s 
Theodore  de  Saussure,  a  Swiss  naturalist  and  chemist,  published  hiB 
"  Reoherches  Chimiquea  ear  la  Vegetation  "  (Paris,  1804),  a  veritable 
enGyclope&<iia  of  eiperiments  of  the  effects  of  air  on  flowers,  fruits 
plants  and  vegetation  generally,  and  on  the  effects  of  these  on  atmo- 
spheric acid. 

It  is  an  old  adage— the  exception  proves  the  rule.  The  exception 
*'probee"  the  rule  as  the  surgeon's  probe  probes  a  wound.     The  tectwi 


1904.] 


on  Breathing y  in  Living  Being t. 


479 


^ 


emdittu  of  the  stirgeoii,  by  lus  probe — indeed  aa  elongated  tactile  sens© 
— enftbles  bim  to  dise<JT©r  tbe  pfesence  or  absence  of  a  body  in  a 
woand.  Had  Prieetl^y  Oied  the  probe  of  a  bad  experiment,  be  in  all 
probability  would  have  anticipated  the  dificovery  of  Ingen-Honez, 

Some  of  yoti,  no  doubt^  recollect  tbe  words  of  Goldemitb^s  famous 
description  ot  his  own  bedroom  and  of  the  fnmiture  of  the  inn— 

*"  Th^  house  where  nnt-browti  draughta  iiLvpired,"' 

And  liow  bii  imaginatioii  stooped  to  trace  tbe  story  of — 

"  The  cheet  tbM  oontriTed  a  donble  debt  to  p«y» 
A  bed  by  night,  a,  chert  of  dfnwera  by  day. 

Am  to  himself  he  tells  ns  how — 


A  night'Ca|>  decked  hifl  broiri  inetead  of  bAy» 
A  c*p  by  night—a  etoeking  all  the  day,** 


I . ..„....™. 

by  day,  and  at  night  eihale  CO^. 

How  do  the  vast  number  of  plants,  the   mic robes,  the  bacteria 

I       without  chlorophyll  get  oxygen  ?     Most  of  them  get  it  as  we  g^t  it. 

Some,  how  ever,  cannot  li^e  in  pure  oxygen  and  are  anaerobic,  aucb 

am  the  micro-organigmB  that  causo  totanue,  malignant  o&dema,  and  those 

that  set  up  butyrio  acid  fermentation. 

Pushing  the  matter  etill  further,  it  is  extremely  probable  that  the 
oxidation  processes  in  uur  tiesQes  are  largely  due  to  the  preeenoe  of 
oxydases. 

This  raises  the  question  as  to  the  part  played  by  the  nucleus  of  a 
cell  in  its  respiratory  processes. 

Is  the  Bonrce  of  muscular  energy  to  be  sought  in  oxidation  or 
cleavage  processes  in  tissues  ?  In  some  animals  there  is  not  a  direct 
relation  between  the  muscular  work  and  oxygen  consumed^  though 
there  is  to  heat  production.  Bunge,  on  this  ground,  thought  that  the 
intestinal  parasites  of  warm-blooded  animals  must  haTe  their  oxygen 
at  a  minimum*  In  the  intestinal  contents  there  is  no  estimable 
oxygen,  there  active  reduction  processes  go  on.  Kntozoa  might  get 
oxygen  from  O3  diffiising  from  blood- vessels. 

Bnnge  found  that  intestinal  worms  of  the  oat  and  pike  can  live  in 
Rn  alkaline  solution  of  conxmon  salt,  free  from  gases,  under  Hg,  for  four 
I      to  six  days.     They  made  active  movements,  and  gave  off  much  OO^. 

Ascaris  lumbricoides  from  the  intestine  of  the  pig,  lived  four  to 
six  days  in  1  per  cent,  boiled  NaCl  solution^  It  made  little  differenee 
whether  oxygen  or  hydrogen  was  passed  through  tbe  fluid.  They 
lived  seven  to  nine  days  if  fluid  was  saturated  with  carbon  dioxide,  so 
that  they  have  accommodated  tbemselves  to  high  percentages  of  carbon 
dioxide* 

They  give  off  to  the  fluid  valerianic  acid,  an  acid  with  a  charac- 
teristic butyrio  acid  odour.  These  worms  contain  a  very  large  quantity 
of  glycogen,  the  dry  body  yielding  20  to  34  per  cent,  of  this  carbo- 
hydrate. 
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100  grammea  Asc&rie,  plnced  in  boiled  nonniil  saline  eolutiou, 
nsed  per  day — 

0'7  gramme  glye*igeii, 
O'l       ,,        sugar. 
No  fat ; 
tttiii  jielded — 

O'-t  gramme  CO^ 

0*3       J,         iraleri auk  acid. 

It  would  seem  tbat  glycogen  had  spUt  into  00^  aod  Yalerianic 
iicid — 

4  C,Hi/\  =  9  CO,  +  3  C5H1 A  +  9  H= 
730     =    396    +       306        -^   18. 

Ib  it  a  genEine  feriuentatioa  ? 

Weiniand  found  tliat  lie  could  exprefls  by  Bucliner*B  melljod  « 
Bub8taG<;c  **  aytuase,'*  wbieb  could  split  glyoogea  into  CO2  and  valert- 
anic  acid. 

Tnrnitig  now  to  respiration  in  invertebrate  animalfi,  and  dealing 
0rat  with  tboee  which  live  in  water,  let  us  see  some  of  the  contrivatioes 
by  which  this  end  is  achieved.  The  mechanisms  are  but  mt»ana  to  an 
end.  The  ultimate  iiiiiou  of  oxygen,  and  the  disch&rge  of  carboti 
dioxide  with  the  liberatioti  of  energy,  occur  in  the  protoplasm  of  tht 
cell  itself. 

There  are  two  distiiiot  prooeu&eaj  and  it  may  be  thftt  tbe  oxygiiii 
is  iiitroduoed  by  one  portal  and  the  carbon  dioxide  got  rid  of  by  aootber. 
or  it  may  be  that 'one  p<jrtal  id  ay  do  for  both  processefi — the  letting  iu 
of  oxygen  and  the  giving  otT  of  carbon  dioride. 

Although  the  principle  itself  ia  fiimple^  the  variety  of  mecbanisms 
adopted  by  nature  to  Gecure  this  doable  function  is  remarkable.  L«t 
UB  glance  at  some  of  the  mechanisms  proceeding  &om  the  Bimple  to 
the  complex,  and  £rsi  with  regard  to  those  animals  that  live  in  watefp 

Consider  the  nc^nic  fatma.  It  is  immense  both  from  the  point 
of  view  of  number  and  variety.  Save  insects  and  ctrtiiin  groups  of 
mollnscs,  all  invertebrates  are  ntjuatic.  Amongst  vertebrates^  fisbea 
have  aquatic  reapirtitiun  ;  and  sonj©  jaamnialsj  e,^*  cetaceans  or  whales^ 
have  water  as  their  sphere  of  ^iXiBtence,  though  tbey  depend  on  tbe  aii 
for  their  respiratory  oxygen. 

The  evolution  from  au  aquatic  to  an  atrial  mode  of  exiBtence  can 
be  traced  in  the  &nimal  kingdom^  and  may  even  be  Been  within  limits 
in  tbe  history  of  certain  species. 

Every  living  cell,  animal  or  vegetable,  requires  for  ite  continued 
exieteuce  a  supply  of  oxygen,  and  every  living  cell  exhales  carlxjft 
dioxide.  The  exchange  of  these  two  gases  between  the  6uidfi 
of  the  body  and  the  outer  medinm  is  the  process  of  respiratioa*  Tbe 
simplest  form  of  respiratory  exchange  occurs  where  there  is  no  specially 
differentiated  organ  or  mechamsm  for  this  purpose,  so-called  diffu^ 
respiration,  Tbe  whole  surface  of  the  oiganism  in  a  watery  medium 
may  bo  concerned  iu  this  respiiatory  exchange »    This  i&  only  possible, 
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boirever,  &&  long  ilb  the  bomidaTj  surface,  skin,  or  other  wise  is  per- 
meable  to  gase^  and  no  great  roBpiratory  excbimgea  are  neceeeary. 

Before  showing  jou  some  laatern  elides,  I  should  like  to  poiat  out 
how  ooe  proceea  ie  mad©  to  aid  another. 

Motion  asBooiatod  with  respiratory  prooessea* 

Ciliary  motion  with  re«piration  and  the  capture  of  prey  for  food. 

The  old  idea  of  ooe  function  for  an  organ  is  exploded.  One 
flpeaks  of  one  man  one  vote.     One  man  one  value .     It  Is  not  really 


r 


W^th  Shelley  we  maj  say— 


'  Notlilag  in  this  woiM  ii  dsfle; 
All  thingft,  by  a  Ikw  "Dkwtas, 
I  a  each  utlifir'ti  beiing  mingle/' 


Aa  regards  the  surfaees  for  these  respiratory  exchanges  for  diS'use 
T£^£piratiOD,  it  may  take  place  through  the  inner  surface  of  the  body 
cavity  of  coelenteratea,  the  under  surface  of  the  bell  of  a  meduga,  the 
tentaolea  of  ao  echinus,  the  respiratory  tree  at  the  hind  gat  of  the  sea 
cucumber,  or  the  intestine  of  the  young  of  the  dragon  fty,  or  by  t lie 
intdetinal  mncone  membrane  of  iho  mites  whioh  have  no  lungs  or 
other  directly  respiratory  organ.  In  the  higher  animals  we  have 
trachete,  gills  and  lungs. 

In  some  animals,  the  respiratory  mechanism  is  closely  related  t<i 
the  motor  apparatus,  as  in  some  crnstaoea.  In  some  mollusoa  the 
nutritive  and  respiratory  mechanifims  are  closely  related.  In  the 
highest  of  all  there  is  central  apparatus — ^gills  or  lungs — ^for  the 
respiratory  exchange  between  the  blood  and  the  air,  and  a  circulatory 
apparatus  for  carrying  the  blood  to  and  from  the  respiratory  organs. 
The  adaptivity  of  insects  to  varied  conditions  of  oxygen  supply  is 
marrelloua. 

Before  showing  some  classical  experiments  and  illustrating  thu 
principles  already  laid  down,  I  should  like  again  to  draw  your 
attention  to  the  association  of  several  processes  with  respiratory 
machanisme. 

•  [The  lecture  was  illustrated  by  means  of  lantern  sUdee,  showing 
the  respiratory  mechanisms  from  the  lowest  to  the  highest  animals, 
and  also  by  a  number  of  experiments  dealing  with  the  chemical 
exchanges  in  the  process  of  respii^tion.  Lastly^  tiie  classical  experi- 
ment of  John  Hunter,  on  the  pneumatioity  of  the  bones  of  birds,  was 
shown  in  the  duck.  A  candle  flame  was  extinguished  when  held  in 
front  of  the  divided  tracijea,  when  air  was  blown  into  the  divided 
humerus  bone  of  the  wiug.l 
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GENBRAIi  MONTHLY  MEETING, 

Monday,  March  7, 1904. 

Sm  Jamrs  Cbiohtojc-Beowne,  M»D.  LL.D.  F.RB.,  Treasnrer  and 
Vice*Pr©8id©nt,  in  the  Chair. 

Hies  LUian  Aimie  Black, 

Henry  Thomas  Davidge,  Esq.,  B.So. 

Henry  Fielding  Diokena,  Ekq.,  E.G. 

Frederic  8.  Eve,  Esq.,  F,B.C.a 

Francis  L.  M,  Forster,  Eaq. 

MisB  Charlotte  E.  M.  Gibbona, 

Thomafl  Grove  Hull,  Esq. 

Mre.  Gerard  Leigh, 

Vivian  Bjam  LeweSj  Esq.,  F.C-S, 

The  Hon.  Mary  Port  man, 

Henry  Ralph  Prendergast,  Esq« 

William  Napier  Shaw,  Esq.,  UlA.  So.D.  F,H,S* 

James  Sorley,  Esq.,  F.R^S.B, 

Bobert  Henry  Soanes  Spioerj  M.D;  B.Se. 

The  Hon.  Sir  Joseph  Walton, 

Edward  Wonnald,  Eeq, 

were  elected  Members  of  the  Eoyal  Institatioii. 

The  Pexsents  received  since  the  last  Meeting  were  laid  on  tie 
table,  and  the  thanks  of  the  Membm^  retomed  for  the  same,  vii.  :— 


Th^  BritiiK  Mtttmrn  Tf*M<*»— Cutalogq©  of  English  Pottery.    4to,     190a 
Supplementary  Catalogue  of  Chinese  Books  and  MBS,    4ta.     1903, 
Catalogue  of  the  Fmtika  CoUeotion  of  ikwkplates.  Vol.  I.    8vo,     1903. 
C&tAlnguo  of  GeTumn  atid  Flembh  Woodcuta,  Vol.  I.     8vo,     1903. 
The  Britinh  Mu*eum  Trwjtee*  (^Natural  EuUiry) — Catalo^e  of  Mftdreponmu 
CoraK  Vol.  IT     4to,     I90<t. 
Catalogufl  of  the  Libfary,  Vol.  L    4to.    1903, 

Oftt&logne  of  l^pidoptem  Phalffins,  VoL  lY.  and  Platea.    Svo>     19031 

First  Report  on  Economic  Zoology.    By  F,  V.  Theobald.    Sto.     1903, 

HfiDd  Liat  of  Bifdfl,  VoL  IT.    Svo,    19U3, 

Aoeadtmia  dei  Linceiy  BcaU^  Jtoma — Clflflse  di  Seianxe  Fiiiobe.  Maternal 

NaturalL  Attip  Seiie  Quiuta.'  Bei^dloontL  Vol.  XIII. !»  Beme^tm,  Fato.! 

Bra.     I&OI. 

AUsgfumy  ObKrvatory—Miscell^ntx^MB  Papera,  New  Series,  No.  17.     Svo.     19IH. 

American  Aoademy  of  Art*  afid  $oienee$ — ProceediDgB,  VoL  XXXFX.  Kos.  €-12, 

8vo.     1903. 
Americ^in  Gtagraphical  SQcitty—Hnlletm,  Vol.  SSJLV.  Ko.  5.     Svo.     1903, 
AfUolik^  Karl,  Etq.  (£A«  iluthor)— Uber  Klangflguran  gvepaanter  Membnmec 
uad  Btarrot  Flatten.    8vo.     1901, 
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ai  i^oet^t  iwyai — maninij  piottoest  vol.  ua.iv,  mo,  a.    SfO.    190C 
AtttmrteMt  Ctub—jQumfd  for  Febw  ISKH. 
Mnkert,  Infiitute  o/— JoumftU  Vol,  XXV.  Part  2.     Sto.     190*. 

Liat  of  M«mbera,  1904*     Svo. 
SomI,  XtUur/ortchenden  CwflicAci/l— Verhandlfltigen,  Band  XV.  H«ft  2.    tm. 

I90i. 
Bel^UMi,  Jloyol  Joademy  qf  SmAwef^Bnlletia,  190S,  Koa.  U,  12.    tva 

Aoniiain,  1904.    8to. 
^irmin^Actm  cantl  Midland  Inntitide  Scientijie  Soeiety—Me^sonlogical   ObaflrTt^ 

tion*,  1903.    Bva     t9<l4. 
BoiCfm  PtMk  J/iZrary— Annual  list  of  Book«,  1902-3,    8to.     190i. 

Monthly  Bulletin  foT  Feb.  1904.    8to, 
^oe«fw>  Soeui^  of  London,  J?^!^— Quarterly  Baoonl,  Vol.  VlIL  No.  96  ((kt- 

I>ec).     8to.     19M3. 
BrttftiA  ^reAltedj,  Boytd  IfutituU  o/— Journal,  Third  Beriaa^  VoL  XL  Not  7-9- 

4to,     1904. 
BriiUh  jLttrcmominQl  Jwoeiafion'^oiiniBl,  Vol  XTV.  Na  4.    9to.    1004* 

MemoirB,  Vol.  XII.  Part  2.     8to.     1904, 
J^romA,  ff.  ^nfw^l,  E»q,  ithe  Julhor)— The  Mmlu^  of  Kou>  Metallic  Mi&enUa 

8to.     1904. 
Aitiiot  Jyre>— Monthly  Butletiii  of  Municipal  Statistica  fas  D6o.  1905.    4ta. 
CyimrfaifcJ  IndtuCry,  Society  a/— Journal,  VoL  XXIIL  Noa.  2-4.     Bra     1904, 
<:ft«f»*frai  ^beiety— Procttodiaga,  Vol.  XIX.  No.  274 ;  VoL  XX  Noa.  275-276. 
8to.     19<H. 

Journal  fnr  Jan-Fob.  1904.    8to. 
C%i>a^,  Efit*t>erii(fy  o/^PubUcatiouB  of  the  Tork««  Obderratpry,  VoL  III  Fart  1 
4to.     li^(!3. 

B«poFt  of  tho  Director  of  the  Yerkei  Obaerratory,  1899-1902.    4to.    1903. 

Deoetimal  Pablieationa :  The  Spectra  of  8tar^  of  Seoohi's  Fouf th  Type*    By 
G^  E.  B&h  and  otherg.    4to.     1903. 
Eatt  India  J  Miwaf»of^— Journal,  Vol.  XXXV,  No.  33.    Sfo.    1904. 
Editor f—AmGnc&a  Journal  of  Science  for  Feb.  1904.    8tol 

Aualyat  for  Feb.  1904.    8to. 

Astritphj^ieal  Journal  for  Feb.  1904.     S?o. 

Athonmum  for  Feb.  1904,     4 to. 

Author  for  Jan.-March  1904,     8vo. 

Bo*rd  of  Trade  Joumal  for  Feb.  1904,    8to. 

Brewers'  Journal  for  Feb,  1904.    &to- 

Ctomical  Newa  for  Feb.  1904.    4to. 

ChemiBt  and  Druggiat  for  Fob.  1904.    8  to. 

Electrical  Enj^neor  foi  Feb,  1904.    iUh 

KlecJtricftl  Heview  for  Feb.  1904.     4to, 

Electrical  Times  for  Fob.  1904.    4to. 

Eleotricity  for  Feb.  1904,    Svo. 

Electro^hemiBt  and  MetaUnrfist  for  Feb.  19Q4.    6?o. 

EQgine«r  for  Fob.  1904.     fol. 

Engineering  for  Feb.  19^)4.    fol. 

Engmeerlng  fieview  for  Fob.  1904.    Svo, 

Mionflupatliio  Review  for  Feb.  1904,     3to. 

HonlottlcB!  Journtil  for  Feb.  1904.    8to, 

JoortuI  of  the  British  Dental  Association  for  Feb.  1904* 

Jonnul  of  Pbjtical  Cbombtry  for  Jan.  1904,    8to. 
.     Jcmmal  of  Btato  Medictue  fot  Feb.  1904.    8fO. 
I      Law  Joujnttl  for  Feb.  1904,     8vo. 

Lrmdon  Teebnicsa]  Education  Gaiette  for  Feb.  1904.    4te. 

Ijondon  University  Gazette  for  Ftsb.  1904«    4to. 

MacUinorj  Marki^t  for  Feb.  1904.    Sto. 

Model  fiDKlneer  for  Feb.  1904.    8to, 
BsieiitiAijue  for  Fob,  1904.    8to. 
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Motor  Ciu-  Journa]  for  Feb.  1^04.     8vo. 

Motor  Car  World  for  Feb.  mm,    4to. 

MaHical  Times  for  Feb.  IftOi      8vo* 

Kftiuffl  for  Feb,  1JK>4,     4lo. 

New  Chowh  Migaziiie  for  Marcli,  19<J'4,    8to. 

Nuovo  Cimeiito  for  Sept--<kt,  1903.    8?o. 

Pajfe'ft  M&gaxme  for  Feb.  1904-     Sto- 

FbotcgTapiii(>  Newi  for  Feb.  1904>    Sto. 

Phv^ioal  Ei'View  for  Jttii.-Feb.  l9iH,    8fo. 

Fuolie  U«4Uh  EDsnt]e«t  for  Fi^K  1304.    Sto. 

Scieoee  Abstmcts  for  Feb.  1904.    8vo. 

Zoophilifli  for  Feb.  19CK.    4tft 
W^xlritsal  fc'Bm#«cr#,  /fl**t4it/to»i  f/— Joumal,  Vol.  XiXlIL  Part  I- 
Flfwcncm^  BMkA/ttu  AWtonolK— Bulletin  for  Jflii.-Keb.  1904.     Sto- 
FmfikUu  JiwItiiH*— JouniflU  Vol.  CLVH.  No.  2.     8to.     1904. 

Gmgmphical  SwHety,  J?oyal— Journal,  Vol,  XXIIL  No.  2.    Sto*     IBC>4, 
CMdj^uoI  flbcwly— Abstracts  of  Procecdinga,  Not  787-790,     1904, 

Qiurterly  Journal,  Vul.  I.X.  No.  L     Bvo.     mH, 
6£f|in^HH  Roiffd  Academff  of  Science* — Na^^hnohten^eac^haftliohe  Mittheilung'eii, 

1903,  Heft  :i.    8vo. 
Matbetnatiecb'phi'Sikalisotie  Klume,  190:t.  Heft  6,    8vo. 
Eiekson  Ward  t^  Co.,  MfUr*,  {the  PublUhtn)^B,^^ii  of  tile  Select  Coauaittee 

u!i  VentiliLtion  appoiuttd  by  the  Houi^  of  CommoDB.     8fo.     1904, 
Iron  and  St^d  JmtiiMt€—Jout\m\^  ItHKH.  No  2.     8vo. 
Lcifffdon^  Jokiiy  Et^i.^  M^ILL — Ex-Libria  Journal  for  Jan.  1904.     8vo^ 
Lilcratwe^  Eowd  Boeiety  o/-^brumoon  Ad&tt  dd  Utk,  a,&.  1377-1421.     Edited 

by  Sir  E.  Maunde  ThompeoLi.    8to.     1904. 
Mtifirid^  lioyal  Aoadtmy  "/  Scfiencaf — Aiinario,  1904,     lOoici. 
M/eiei>r<dogictU  Socie*^,  Boyfd — Quarteilv  Journal  for  Jan,  1904.     8  to. 

tiiit  of  Memben^  1904,    Svo. 
Me^co,  Secretaria  da  Comunieaeioneti  ^  O&rxw  FiMimu — AtuJei»  No.  9. 

1004. 
Microteopkal  So^ttff  J?c^^— Journal,  1904^  Part  I.    Sto, 
^iftii^r— loelimdfc  lostitutiuna  and  AddreuHeii,  1903.     l2iiio. 
MitchcU  &  G)„  MevtTB.  (*A«  Pi»ftliB^i)— Newspaper  Presa  Di  rector j,  1904. 
Munich^  B&yal  Aooiimtjf  of  Sbwiom— Bitaun^boriefate,  190^,  Haft  IV. 

1904. 
Nary  L^agwi — Nayy  League  JoUnifll  for  Feb.-Marcb,  lt*04.     8  to. 
The  British  NftTy,  Past  and  Prowut.    By  Rear-Admit»l  S.  E&fdlej-Wilffloi 

Sto,    1904. 
North  of  England  InMlitute  of  Mining  En^inecri* — Tnuiaactious,  VoL  LIV.  Part  2, 

8to.     1904, 
(fdontohgisal  Socieiff-^TT9.amotioiks,  Vol.  XJtXVL  No.  3.     8to,     1904. 
Fhan}iaceutiisal  Sociehjof  Great  KWfai'n— Journal  for  Feb.  1904.     8vi>. 
Phoiofjmiihic  Society,  Ei^t/al—JouTnul,  Vol,  XLrV",  No.  i,     8?o,     1903. 
Radrfife  Library,  Oz/&rfi^-<Jfttaloguo  of  Borjka,  1903.     4to.     1904. 
Highi^  Fro/ator  A*  ((^  A^hor) — La  Modema  Teoria  dei  Feuotneui  FiaioL    Sia 

iyo4. 
Jito  de  JaneirOf  Obtervatorv^^Bolhiin  Man^lf  April-June,  1903.     Sto. 
Eoyal  CoUege  of  PA|fj»M»aB*--Li8t  of  FelloWB^  etc^  1904.     8f  o. 
Moffal  Soeiei^  of  London— Philoaopliicat  TronBactioiu,  A,  Noa.  360,  361 :  B^  No 

2ii3.     4to.     1904. 
Proceedings,  Noa.  487-490.    8to,    1904. 
Selboms  .SbtJMty— Nature  Notes  for  Feb.  1904.     8to. 
8inm,  B,  Leigh,  Btq,  it^.K,/.— Socittiab  GeogTapUloAl  Magaxuie,  Tola.  XX.  Noi^ 

2,  3,    Sto.     1904. 
Soeietf  of  Ari#^Joumal  for  F#b,  1904.    8to* 
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St.  Bartholomeuf*8  Hotpital—Reftorta,  Vol.  XXXIX.  1903.    8vo.     1904. 
Taeehiniy  Prof.  P.  Hon.  Mem.  R.I.  (the  Author) — Memorie  della  Sooietk  degli 

Spettrosoopisti  Italian!,  Vol.  XXXIII.  Diap.  1.    4to.    1904. 
Torroja,  E.,  Etq.  (the  Aidhor) — Teoria  Geometrica  de  las  Lineaa  Alabavilaa. 

8vo.     1904. 
Vniied  Service  IrutUtUiony  BoyaZ— Journal  for  Feb.  1904.    8vo. 
United  State*  Department  of  Agriculture — Monthly  Weather  Review  for  Oct.-Nov. 

1903.    4to. 
Beport  of  the  Chief  of  the  Weather  Bureau  for  1903.    8vo. 
Weather  Folk-Lore.     By  E.  B.  Garriott.    8vo.     1903. 
Experiment  Station  Keoord  for  Jan.  1904.    8to. 
United  States  Patent  Office— Omaud  Gazette,  Vol.  CYIU.  Nos.  4-8.    8yo.    1904. 
Verein  tur  BefHrderung  des  Gewerbflcisies  in  Preuuen — Verhandlung^n,  1904, 

Heft  1,2.    8vo. 
Vienna^  Imperial  Geological  Inttitutc — Yerhandlungen,  1904,  No.  1.    8yo. 
WoMhington  Academy  of  Sciencex—Proceediuga,  Vol.  V.  pp.  231-429.    8vo.    1904. 
Woihington,  PhUoeophical  Society  o/— Bulletin,  Vol.  XIV.  pp.  283-246.     8to. 
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WEEKLY   EVENING  MEETING, 

Fridaj,  March  11,  1904. 

Hia  Graob  Twm  Dus^  of  NoiTErMBiHLATip,  K.G.  D,CX,  F.B,3» 
Ft«fiident)  in  the  Ch&ir. 

FKorsBaoB  Fsedekiok  T.  Tbouton,  M.A>  DJSo*  F^S.  M.B.L 

The  Motitm  of  Yitcous  SfshttameeM^ 

\U€OBSTf  ifi  one  of  the  more  familiar  pbenomena.  An  excellem 
limple  of  the  bebavionr  of  a  Tiscona  Bubetanoe  can  be  afforde 
treacle  or  honey.  For  infiiaDce,  on  helping  oneself  to  honey,  the 
slow  and  leisorely  way  m  wbicli  the  substance  leavea  the  epoon  ii 
only  too  pfttent*  This  ia  in  marked  contrast  to  liquids  such  as  water 
which  flow  freely. 

If  we  stir  snch  a  Uqvdd  us  tirade,  we  expenenoe  a  resietanoe,  & 
force  oppoeing  the  moTement;  on  diluting  the  treacle  with  water 
less  resistance  is  afforded  by  it  to  stirring^ — the  liquid  does  not  feel 
BO  thick. 

Liquids  of  any  desired  thickness  or  viscosity  intermediate  between 
treacle  and  water  may  be  prepared  by  mixing  them  in  the  proper 
proportions. 

Another  ooDYenieut  series  of  substances  can  be  easily  mode, 
beginning  with  benzine,  which  is  a  partionlarly  mobile  liquid,  and 
ending  with  pitch,  ordinarily  viewed  as  a  solid. 

The  substance  next  to  benzine  is  just  a  little  less  easily  stiired 
than  it  Next  to  this  we  have  a  material  a  little  thicker,  vad  »»  on 
by  slight  increases  until  we  arrive  at  pitch. 

In  oonsidcrixLg  this  set  of  substances  we  see  the  difficulty  there  ii 
in  defining  exactly  what  a  liquid  is*  The  members  of  the  series,  at 
one  end,  would  he  said  by  all  to  be  liquid,  while  at  the  other  end 
they  appear  at  first  sight  equally  entitled  to  be  considered  solid; 
but  if  we  eixamine  them  carefully  we  find  that  aa  we  go  up  tbfi 
series  each  one  can  flow  just  like  its  neighbour  only  not  quite  so  £i0l> 
Even  the  seemingly  solid  pitch  flows  when  given  time^ 

The  question  naturally  suggests  itself  How  much  is  each  ofia 
thicker  or  more  viscous  than  the  one  next  it  in  the  series?  This  at 
once  leads  us  to  the  further  queetion.  What  is  the  precise  meaning  we 
propose  to  attach  to  the  term  viscosity  ? 

Cotaparative  measuremente  might  be  mode  of  the  rate  at  which  the 
substances  flowed  under  similar  eircumstancee,  and  these  made  xhs 
basis  cf  a  scale  of  viscosity,  but  a  clearer  and  more  precise  definition 
36  got  by  having  recourse  to  the  more  mechanical  ideas  used  in  the 
well-known  definition  of  viscosity. 


i 
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A  good  idea  of  the  lines  on  whioh  this  is  done  may  be  obtained 
in  this  way.    Imagine  a  cube  of  the  visoons  material  standing  on  a 


Fio.  1. 


table  (Fiff.  1)  to  be  gradoally  twisted  over  to  the  right  by  a  foroe 
appUed  uong  the  top.  Then  the  slower  the  block  twists  the  more 
Tisoons  it  is  said  to  be. 

Tube  Method. 

The  visoosity  of  the  substances  at  the  more  liqnid  end  of  the 
benzine-pitoli  series,  can  be  determined  by  observing  uie  rate  at  whioh 
they  can  M  forced  to  moye  throngh  tubes  under  recognised  conditions. 
Fig.  2  shows  how  a  layer  in  snob  a  tube  lying  between  two  cross 
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sections  at  any  moment,  becomes  bent  forward  at  its  centre  as  the  flow 
proceeds.  The  little  square  shown  in  the  first  position  has  taken  up 
a  skewed  shape  in  the  second.    This  helps  us  to  see  that  we  have  in 
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this  caae  the  Bame  kind  of  motioii  ae  contemplated  in  the  dofinitioD 

abiiTe  referred  to,     Tbe  subjoined  table  exhibits  tli©  determiBations 
made  in  ibis  way  for  five  of  the  substanees  in  the  series. 

Tonum  Method. 

Thb  TiBooeitj  in  the  case  of  the  more  riscooa  materials  of  the 
fteries  was  io  the  first  instance  detemuiied  bj  a  method  in  which  a 
coliuni)  or  rod  waa  twisted  round  and  roimd,  one  end  being  held. 
From  tbe  amount  of  the  twist  required  to  fore©  it  to  turn  at  a  gJTen 
rate,  tbe  Tiseosit^  can  be  calculated.  The  table  sliows  the  value 
found  in  this  way  for  Boveral  substances. 

The  apparatus  employed  in  these  determinations  consisbed  in  a 
horixontal  shaft  turning  on  &nti-£riotion  wheels,  round  which  a  eoid 
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carrying  a  weight  is  wound.  The  weight  unwinding  the  oord  tumi 
the  shaft.  A  rod  of  the  material  to  be  tested  is  fixed  in  line  between 
the  end  of  the  shaft  and  a  stationary  clamp.  The  rate  at  which  the 
shaft  turns  is  measured  from  a  divided  dial  face,  A  Imowledge  of 
this  and  of  the  weight  enables  the  viscosity  to  be  calculated. 

Fig.  3  will  help  us  to  understand  that  there  is  a  direct  con- 
nection between  the  simple  alteration  in  shape  dealt  with  in  the 
definition  of  viscosity  and  the  effect  produced  on  the  substance  of  the 
rtMl  when  twisting.  The  small  square  is  seen  in  the  second  figure  to 
Lave  become  bent  in  consequence  of  the  twist  imparted  to  the  rod. 

The  results  obtained  with  this  apparatus  are  shown  in  Fig.  4. 
The  curve  shows  the  angle  throngh  which  the  rod  had  twisted  at  anj 
moment  after  tbe  application  of  the  force. 
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It  will  be  seen  tlmt  just  at  first  it  turns  more  rapidly  than  aftor- 
warda  when  it  settlea  down  to  a  uniform  rate  of  twiatiug.  It  is 
anparently  possible  to  keep  on  turning  the  rod  as  long  as  ono  pleasea. 
By  painting  a  white  line  doi.vn  a  rod,  and  then  twisting  it,  a  beaatiful 
spiral  line  is  produced.  Un  removing  the  twisting  force  the  rod  turns 
bmk  a  short  diBtanoe,  at  first  rapidly,  but  sloflrs  down  gradually 
to  r^t. 

Tract  ion  Meth^t 


A  very  interesting  quefition  arises  as  to  how  the  material  moves  in  a 
rod  of  pitch  or  anch-like  substance  when  drawn  out.  If  wo  subject 
a  rod  of  pitch  to  traction,  say  by  suspending  it  from  one  end  itnd 
hanging  weights  hvm  the  other  end,  we  find  that  it  draws  ont  at  an 
approximate  uniform  rate.  The  rate  is  at  first  a  little  faster  than  it 
ia  later  on ;  it  however  finally  settles  down  to  a 
uniform  rate,  provided  the  tension  is  kept  the 
same.  This  is  similar  to  the  effect  observed  in 
the  case  of  toreion.  Also,  as  in  the  case  of  torsion, 
we  get  a  alight  recovery  on  removal  of  the  force, 

The  eraet  way  in  which  the  particles  move  iti 
a  tod  as  it  is  drawn  out  is  not  at  all  clear.  In 
the  case  of  the  flow  through  a  tttbe,  we  know 
that  the  centre  flows  faster  than  the  ottter  parts 
because  the  sides  are  hold  back.  Nothing  in  the 
caee  of  the  rod  corresponds  to  this.  To  t^  md 
obaerve  the  oharacter  of  the  flow  in  a  rod  the 
plan  was  tried  of  drawing  out  a  rod  made  up  of 
two  shorter  rods  of  different  colours,  but  otherwise 
alike,  joined  end  to  end.  The  junction  was  made 
as  sharp  ae  possible  and  lay  at  right  angles  to  the 
axifi  of  the  rod.  Hods  of  shoemaker's  wax  and  of 
glass  were  used.  DiflScnlty  was  fonnd  in  getting 
two  differently  coloured  glasses  of  exactly  the 
same  fusibility,  and  also  in  forming  a  really  sharp 
line  of  junction  between  them.  Aa  far  as  the 
obaervatioDB  go,  they  show  at  least  that  the  particles  lying  in  a  plane 
do  not  move  so  as  to  lie  on  a  curved  surface,  such  aa  occurs  in  the 
flow  through  a  tube. 

Fig.  5  is  inteuiled  to  show  how  a  small  quantity  of  the  material, 
inclnded  between  two  near  planes,  lies  after  a  short  time.  A  email 
cube  of  the  material  is  shown  in  the  initial  stage  and  its  subsequent 
shape  when  drawn  out.  The  connection  will  thus  be  appreciated 
between  the  kind  of  movement  here  taking  place,  and  that  oonsisteut 
with  the  definition  of  viscosity  aa  iUuetrated  by  the  model. 

The  rate  of  elongation  of  the  rod  divided  by  the  tension  givea  na 
a  coefficient  of  viscous  traction.  We  have  every  reason  to  expect 
this  to  be  about  three  times  the  viscosity  of  the  material,  and  ex* 
periment  supports  this  view.     The  value  of  the  viscosity  of  pitch 
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fonnd  in  this  way  it  shown  in  the  table.  The  agreement  with  the 
undoes  found  by  ^er  methods  is  satisfiustoxy  for  experiments  of  this 
charaoter, 

Bendimg  of  Bar9. 

When  a  bar  of  pitch  is  laid  horizontally,  supported  only  at  its 
ends,  it  sags  in  the  middle.    In  doing  so  the  upper  parts  of  the 
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material  become  conoypressed,  while  the  lower  are  drawn  oat    ThiB 
is  shown  in  Fig.  6.    Two  little  squares  are  put  in  to  help  us  to  under- 
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stand  the  movement  of  the  material;  these  are  subsequently  traiiB- 
formed  into  the  skew  shape  we  have  seen  to  be  associated  with 
Tisoous  flow. 
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^f  The  upper  gqaar^  is  compressed  liorlzoutallj,  tbe  lower  is  dmwn 
out  in  tbe  same  direction. 

Eiperiment  ebows  tbat  tbe  fute  at  which  thu  bar  falls  at  itfl  centre 
is  approximately  tbat  given  by  theory  based  ou  similar  suppoBitiona 
to  tbosd  which  were  made  in  the  case  of  traction. 

Pig.  7  shows  the  time  which,  according  to  the  tLeory,  should  be 
taken  by  rods  of  differeut  lengths  in  falling  at  their  oontres  through 
tbe  same  distance.  Tbe  shorter  the  bar  the  slower  it  falls.  The 
marked  points  are  those  aetually  observed.  The  agreement  is^  under 
the  oircumstances,  satisfactory. 

The  results  obtained  in  this  way  for  the  viscosity  of  severftl 
materials  are  exhibited  in  the  tables.  When  the  material  of  tbe  bar 
is  80  soft  that  it  saga  too  quickly  to  be  easily  observed,  it  may  be 
immersed  in  a  liquid  of  very  nearly  its  own  density*  In  this  way 
the  forces  bending  it  can  be  mnde  as  small  as  we  please  and  con- 
sequently the  rate  at  which  it  sags  also, 

H  Shape  of  Falling  Stream. 

^^  The  shape  of  a  falling  stream  of  a  viiscous  liquid  is  interesting 
tu  observe.  It  can  be  well  seen  when  helping  oneself  to  honey.  If 
the  liquid  is  a  thick  one  we  havo 
practically  a  case  of  simple  viscous 
ttAetioti  of  a  rod  continued  until 
extreme  thinning  of  tbe  rod  is  pro- 
duced. In  Fig.  8  is  shown  the 
shape  taken  by  snob  a  liquid  when 
falling  from  a  circular  hole  in  the 
buttom  of  the  containing  vessel. 

There  is  an  interesting  point 
in  connection  with  the  shape  or 
outline  of  the  falling  stream  which 
is  at  first  surprising.  It  comes  out 
(hat^  when  the  flow  is  »low,  the 
siuno  shape  onght  to  bo  assumed 
by  all  substances  niider  the  same 
oonditions  as  to  size  of  orifice  and 
height  in  containing  veseeL  This 
oertainly  appeared  to  be  so  in  the 
mm  of  the  substances  in  the  series 
examined.  How  this  comes  about 
will  b©  understood  by  coneidering  that  if  the  material  is  removed 
alowly  below  owing  to  high  viscosity,  it  is  fed  in  at  the  top  equally 
slowly. 

A  short  length  such  as  marked  above  draws  out  as  it  falls  so 
that  it  occupies  a  greater  length  at  subiequent  positions.  Nuw 
if  we  know  the  rate  at  which  it  is  drawn  out  and  tho  force  acting 
upon  it»  wo  can  calculate  the  viscosity  just  as  in  the  direct  experi- 
on  traction. 
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In  onler  to  ksow  tbe  nte  at  whieb  the  nmterial  is  being  dr&nD 
uttt,  two  tkinga  fcre  required.  Tb©  mmount  of  inatari&l  p««suig  di>wti 
per  eeooud — this  is  eaeilj  found — and  tb«  slope  of  tb^  BarfsbOd  to  ibe 
verticftl  at  the  place  in  qaestioii.  We  can  obeer^d  tMs  on  reflecting 
a  bf*in  of  ligbt  fiom  the  snrfaee  of  the  oolnmn  so  as  ta  pass  oat 
bomontidlf ,  bj  maaaariiig  tibe  angle  between  tbe  iBcident  beam  a&d 
the  reflected  one.     So  macb  for  the  rate  of  drawing  ootj  now  the 
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rvthor  q^uantity  required,  the  force  of  traction,  is  simplj  the  weight  of 
the  suspended  column  situated  below  the  point  B7  cutting  off  th@ 
oolnmn^  collecting  and  weighings  we  get  ita  amount.  It  is  tme  that 
the  value  of  this  varies  slightly,  for  if  a  stream  is  watched  it  will  be 
seen  to  grow  longer  and  then  break  off  when  it  get©  too  beary  to  be 
supported,  Bome^rhere  higher  up.  However,  this  goes  on  only  at  tbe 
end  of  the  stream  where  it  is  extremely  thin,  and  the  alteration  io 
weight  thus  produced  may  be  ^fely  neglected. 

From  the  table  it  wUl  be  eeen  that  the  value  of  the  viacoslly  ^ 
obtained  is,  oD  the  whole,  in  satisfactory  agreement  with  that  obtained 
by  other  methods.  It  will  be  noticed  that  in  the  case  of  the  thinner 
liquid,  the  inertia  term  which  wa@  neglected  hm  probably  made  itself 
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WEEKLY  EYEOTNG  5IEETING, 
Friday,  March  18,  1904. 

Sm  WiLUAH  CBO0££a,  F.E.S.,  Honorary  Seerotofy  and  Vioe- 

President,  in  the  Chair. 

HxKST  Abthub  JoNSBt  Esq. 

The  Foundatiom  of  a  National  Drama. 

[Abstract.] 

At  the  present  moment  we  seem  to  be  urged  and  beckoned  on  every 
hand  to  overhAnl  and  reorganise  our  national  reaouroee,  to  set  every 
room  of  onr  ho  nee  in  order.  There  is  a  general  inatinct  of  alarm  and 
nnea&ineea,  and  whatever  may  be  the  resnlt  of  the  presont  search  into 
the  causes  and  conditions  of  onr  national  prosperity,  it  wiU  not  be 
witbottt  gome  effect  in  every  sphere  of  English  thought  and  actio d. 
Now,  in  whatever  spheroB  it  may  be  decided  to  abandon  the  doctrine 
and  policy  of  laUseZ'/mre,  I  hope  the  English  drama  may  put  in  a 
claim  to  be  rescued  from  its  present  state  of  national  neglect  and 
national  contempt*  In  that  reorganisation  of  onr  national  means  and 
resnurcos,  in  that  retiring  of  our  national  aims  and  goals  towards 
which  we  seem  to  be  summoned^  not  merely  by  the  warnings  of  states- 
men and  the  shrill  cries  of  contending  politicians,  but  by  those 
threatening,  hovering  portents — those  pillars  of  cloud  and  fire  that 
daily  and  nightly  guide  our  nation  to  its  destiny — in  that  awakening 
of  new  national  hopes  and  ambitions  and  ideals,  I  hope  I  may  put  iu 
a  very  urgent  claim  that  the  drama  shall  be  recognized  as  a  great 
civilizing  and  humanizing  force,  a  great  potential  influence  in  onr 
oommnnity,  a  great  potential  educator. 

I  ose  the  word  '*  educator  "  with  much  reluctance,  knowing  weU 
that  I  shall  be  misunderstood  and  miarepresented  by  all  tbooe 
whose  business  and  interest  it  is  to  keep  the  drama  on  its  prctsent 
level.  Bat  in  the  widest  and  truest  sense  I  claim  that  in  a  closely- 
packed  democracy  Buch  as  ours  the  drama  is  and  must  be  an  in- 
creasingly-powerful teacher,  either  of  \m\  manners  or  of  good  man- 
ners, of  bad  literature  or  of  good  litemture,  of  bad  habits  or  of  good 
habits.  Potentially  it  is  the  cheapest,  the  easiest,  the  most  winning, 
the  most  powerful  teacher  uf  that  great  scieuce  which  tt  ho  much  eon- 
cems  every  one  of  us  to  know  through  and  through,  I  mean  the 
Hcience  of  wise  living.  Iu  that  supreme  science,  the  drama  is  ur 
shonhl  be  a  supreme  teacher,  a  supreme  educator. 

I  will  beg  leave  then  to  affirm,  on  behalf  of  the  myriads  of  amns^ 
meut-Bc-ekers,  that  it  is  desirable  to  have  a  national  English  drama  ; 
wisely  regulated,  wisely  encouraged,  thoroughly  organized,  suitably 
honaed,  recognised  and  honoured  as  one  of  the  fine  arts. 
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Cl^rly  the  firet  fuoctioa  of  dramii  ie  to  repreeent  Ufe  and  cla- 
racter  by  means  of  a  story  in  action  ;  its  second  and  higher  functkm 
IB  to  iDterpret  life  by  the  same  meanfi.  But  the  ir«t  and  fundaiuecttil 
purpose  of  the  drama  is  to  reprefleut  life, 

I  thiukf  If  you  will  carefully  listen  to  the  remarks  and  jadgmenti 
npon  plays  that  come  within  your  earshot  daring  the  next  few  montbi*, 
BTon  from  cultivated  men  and  woinen^I  think  you  will  oome  U>  the 
eoDclusion  that  the  English  playgoing  public  ha^e  for  the  most  part 
lost  all  sense  that  the  drama  i»  ihe  art  of  representing  life,  and  that 
there  is  a  keen  and  high  pleasure  to  bo  got  out  of  it  on  that  level. 

By  the  representation  of  life  I  do  not  mean  that  the  drama  should 
copy  the  crude  actualities  of  the  street  and  the  home.  Tery  often  the 
high«&t  truths  of  life  and  character  cannot  be  brought  into  a  realistic 
scheme.  The  drama  must  always  remain,  like  eculplure,  a  highly 
ConYentional  art  ;  and  its  greatest  achievements  wiU  always  be 
wrought  under  wide,  and  larg**,  and  astounding  oouTeutions.  Shake- 
speare's pla^Fs  are  not  untrue  to  life  because  they  do  not  perpetually 
phonograph  the  actual  coDTersatiouB  of  actual  persons. 

I  have  not  time  hero  to  da  more  than  explain  in  the  briefest  waj 
that  I  am  not  contending  for  a  realistic  drama.  In  ihe  past  ih& 
greatest  examples  of  drama  have  been  set  in  frankly  poetiQ^  fantastic 
and  unrealistic  schemes.  But  whether  a  jilay  is  poetic,  realistic  or 
fantastic^  Lt@  first  purpose  should  be  the  represcDtation  of  life,  and 
the  implicit  enforcement  of  the  great  plain  simple  truths  of  life. 
Realistically,  or  poetically,  or  fantastically,  it  should  show  you  the 
lives  and  cbaracterB  of  men  and  women ;  and  it  should  do  this  by 
means  of  a  carefully-chosen,  careftilly-planned,  and  always  moving 
story. 

Ten  years  ago^  in  the  years  189^  aud  1B94,  we  seemed  to  be  ad- 
vancLDg  towards  a  serious  drama  of  EngliBh  life ;  we  began  to  gatber 
round  us  a  public  who  came  to  the  theatre  prepared  tu  judge  a  modern 
play  by  a  higher  standard  than  the  number  of  jokes,  tricks,  antics  and 
songe  it  contained.  To-day  the  English  dramatist,  ^^ho  i»aya  hia 
countrymen  the  eompliraent  of  writing  a  play  in  which  he  attempts 
to  paint  their  daily  life  for  them  in  a  serioue  straightforward  wayt 
finds  that  he  is  not  generally  judged  upon  this  gi'onnd  at  all ;  he  ifi 
not  generally  judged  and  rewarded  according  to  big  ability  to  paint 
life  and  character;  he  is  generally  Judf^ed  according  to  his  ability  tu 
amuse  the  audience  without  troubling  them  to  think.  And  I  believe 
that  this  tendency  on  the  part  of  the  English  playg^iers  to  demaiMl 
mere  tit-hits  of  am u semen t,  and  to  reject  all  study  of  life  and  cha- 
racter in  the  theatre,  I  believe  these  teudeucies  and  tastes  have  largelj 
increased  during  the  past  ten  yeara^  and  are  still  increasing.  lusomuei 
we  may  say  that  the  legitimate  purpose  of  the  drama,  which  is  ta 
paint  life  and  character  in  a  story ;  and  the  legitimate  pleasure  tc»  be 
gained  from  the  draiua,  that  is  to  say^  the  keen  and  intellectual 
delight  in  watching  a  faithfnl  representation  of  life  and  character  and 
pasEtion — this  legitimate  purpose  and  this  legitimate  pleaanre  of  phiy- 
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wiiting  aod  pla^goiDg  arc  to-daj  swallowed  up  and  lost  Bigbt  of  ia 
the  demand  for  mere  tlioughtlees  eutertaiDineiitt  whoee  one  purpose 
id  not  to  show  the  people  their  lives,  but  to  provide  tbem  with  ft 
meABs  of  cecape  from  their  lives.  That  ia  to  fiay»  the  purpose  of  the 
enter  tain  mentB  proTided  in  our  most  successful  theatres  is  indeed  the 
very  opposite  to  the  legitimate  purpose  of  the  drama,  the  very  nega- 
tion and  Buffotfttion  of  any  serious  or  thoughtful  drama  whatever, 

I  do  not  Bay  that  one  or  two  of  ua  ma,y  not  get  in  an  occasional 
success  bt  a  hundred  and  fifty  nights  with  a  <3oraedy,  or  even  with  a 
play  of  serious  interest,  if  by  a  miraotilous  chance  on^  can  get  it 
suitably  played.  But  any  play  of  great  serious  interest,  such  as 
would  meet  with  instant  and  great  recognition  and  reward  in  Friimoe 
or  Germany,  is  most  Kkoly  to  be  condemned  and  censured  by  the 
mass  of  Eogiish  playgoers  as  *'  unpleasant.*' 

I  am  aware  it  is  useless  to  condemn  a  man  for  not  paying  to  be 
bored  or  disgusted.  But  ihe  fact  that  be  is  bored  and  diagusted 
raiaefl  the  further  question:  "Why  ib  he  bored  and  disgusted?" 
**  What  are  the  things  that  bi>ro  and  disgust  him  ?  " 

I  i^uostion  whether  any  gubjact  has  recently  gathered  around  it 
such  a  thick  fungus  of  cant  and  ignorance  as  that  of  the  ^*  probletn 
play."  For  a  number  of  years  past  the  parrot-phrase  "problem 
play  "  has  been  applied  to  almost  every  play  that  attempts  to  paint 
sincerely  any  great  passion,  any  great  reality  of  human  life.  No 
doubt  great  extravagaucos  and  abii^urdities  were  committed  by  the 
swum  of  foolish  doctrinaire  playwrights  who  tried  to  imitate  Ibsen. 
Bot  the  stream  of  just  contcEupt  that  w^as  pourod  upon  these  absurdities 
hue  run  o^er  its  bounds,  and  has  almost  swamped  all  sincere  and 
•eriouB  play- writing  in  England. 

What  are  the  necessary  foundations  of  a  national  English  drama  ? 

Speaking  through  you  to  the  great  body  of  English  playgoers,  I 
would  say  to  them :  If  we  are  to  have  an  English  drama  at  all,  it  is 
necessary — 

1,  To  distinguish  and  separate  our  drama  from  popular  amnee- 
ment ;  to  af&rm  and  reaffirm  that  popular  amusement  and  the  art  of 
the  drama  are  totally  ditlWent  things ;  and  that  there  is  a  higher  and 
greater  pleasure  to  be  obtedned  from  the  drama  than  from  popular 
amusement. 

2.  To  found  a  national  or  repertoire  theatre  whore  high  and  sever© 
literary  and  artistic  standards  may  be  set ;  where  great  traditions  may 
be  gradually  established  and  maintained  amongst  authors^  aotors^ 
orities  and  audiences. 

3.  To  insure  so  far  as  possible  that  the  dramatist  shall  be  recog- 
mzed  and  rewarded  when  and  in  so  far  as  he  has  painted  life  and 
character,  and  not  when  and  in  so  far  as  he  has  merely  tickled  and 
btstnused  the  populace. 

4,  To  bring  our  acted  drama  again  into  liTing  relation  with 
English  literature;  to  dissolye  the  foolish  prejudice  and  contempt 
that  literature  now  shows  for  the  acted  drama  ;  to  win  from  literature 
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the  avowal  that  the  drama  is  the  most  Htc,  the  most  subtle,  the  moet 
difficult  form  of  literature;  to  beg  that  plays  shall  be  read  and 
judged  by  literary  men  who  are  also  judges  of  the  acted  drama.  To 
briug  about  a  geoeral  habit  of  reading  plays,  snclt  as  prevails  in 
Frauce. 

5.  To  i&form  our  drama  with  a  broad ,  £aue,  and  profound 
morality  |  a  morality  tiiat  neither  dreads  nor  wishes  to  escape  from 
the  pertnaueut  facta  of  human  Ufe,  and  the  permanent  passions  of 
men  and  women ;  a  morality  eq^ually  apart  from  the  morality  that  is 
practised  amongst  wax  dolls  ;  aud  from  the  morality  that  allows  the 
present  sniggering,  veiled  indecencies  of  popular  faroe  and  musical 
comedy, 

6.  To  give  our  actors  and  actreases  a  constant  and  thorough  train- 
ing in  widely  varied  characters,  and  in  the  difficult  and  iDtricate 
technique  of  their  art ;  so  that  in  place  of  our  present  crowd  of 
intelligent  amateurs,  we  may  have  a  large  body  of  competent  artiata 
to  interpret  and  vitalize  great  characters  and  great  emotious  in  sueh 
a  way  as  to  render  them  credible,  and  interesting,  and  satisfying  to 
the  public. 

7.  To  break  down  so  far  as  possible,  and  at  any  rate  in  some 
theatreiSr  the  present  system  of  loog  runs  with  its  attendant  ill -effects 
on  our  perforniere ;  to  establish  throughout  the  country  repertoire 
theatres  and  compAuies,  to  the  end  that  our  actors  may  get  constant 
practice  in  different  parts,  and  to  the  end  that  the  author  may  see 
his  play  interpreted  by  di Cerent  compauiea  and  in  different  ways. 

8.  To  diatioguifih  between  the  play  that  has  failed  because  it  hat 
been  inadequately  or  uueuitably  interpreted,  and  the  play  that  has 
failed  on  its  own  demerits;  to  distinguish  between  the  play  that  haR 
failed  from  the  low  aims  or  mistaken  workmanship  of  the  playwright, 
and  the  play  that  has  failed  from  the  low  tastes  of  the  public,  or 
from  the  mistakes  of  casting  or  production, 

d.  To  bring  the  drama  into  relation  with  the  other  arts ;  to  cut  it 
asunder  from  all  flaring  adyertieements,  and  big  capital  letters^  and 
from  all  tawdry  and  truiopery  accessories ;  to  establish  it  aa  a  fine 
art. 

You  will  have  noticed  that  many  of  these  proposals  overlap  and 
include  each  other.  Virtually  they  are  all  contained  in  the  oue 
pressing  necessity  for  our  drama  that  it  ^ball  be  recognized  as  some- 
thing distinct  from  popular  atnusemeut.  And  this  one  pressttig 
Deceseity  can  he  beet  and  most  effectually  met  by  the  fostering  of  the 
drama  as  a  national  art  iu  a  national  theatt^e* 

[H.  A,  J.] 
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GENERAL  MONTHLY  MEETING, 

Hondfty,  April  11,  1904. 

Sir  James  Crichtos-Brownk,  M.D.  LL.D.  P.H^,,  Treaaurer  and 
Vice-Preaidentj  in  the  Cbair^ 

William  Baker  Anderson,  Esq. 

Joseph  BensoD,  Esq. 

Mrs.  Donglos  Cow, 

Mrs.  J.  Mftokenzie  Davidson, 

John  Archibald  Watt  Dollar,  Esq. 

Baynttm  Hippielej,  Esq.,  J, P. 

Edward  William  LiDgicg,  Esq. 

Mrs.  Gilbert  Master, 

Mrs.  Guy  E.  Broiin-Morison, 

Julius  C,  Pnnce,  Esq, 

Eraeat  Angelo  Short,  Egq. 

W.  A.  Watflon-Taylor,  Eaq. 

Henry  Letheby  Tldy^  Eeq* 

Cbarkfl  Selby  Whitebeadj  Esq. 

were  elected  Members  of  the  Boyal  Inetihition. 

The  Special  Thacks  of  the  Members  were  returned  to  Frencts 
Gnskell,  E^.,  M.A,  MM  J,,  for  hie  Donation  of  £50  to  tho  Fund  for 
I  he  Promotion  of  Experimental  Research  at  Low  Temperatures. 

I       Tho  Pufisfiifts  received  since  the  last  Meeting  were  laid  on  tbe 
'  tftbie,  »nd  the  thanks  of  the  Members  returned  for  the  same^  viz,  ^^ 
rfiou 

The  LoFdt  a/  ih€  Admiraliij — Naaticftl  Almanac  for  1007.    Sto. 

Tht  Stertlatv  of  State  for  Jnd««— Kurukh  (Oti*)  -Engliab  Diotiooapy,    By  F, 

Haba.    Part  I.    Bvo.     (9(j;.l. 
I      Report  on  the  KodaikuDfll  and  M&dnj.i  Ob^ervatoiiea  for  1903.    fol.     1^04. 
ProKiejse  Ei^poft  ior  the  Arch/tologieal  Survey  Cirola,  United  Pro?iiiceff,   (\Vith 
Pfaotograpbs  and  Drawiugia,)    foL    I'.KIB. 
Aeeodemm  dei  Linem^  Bmlt,  Eoma^-Cl^^^  di  Science  Fisiebe^  filateiDatifih^  » 
L        Nntuiali.   Attf,  Serie  Quinta :  Bendiconti.     1  ">  Semestre,  Yol.  Kill.  Noi.  4-€. 
\        8to,     HiU-i. 

Jgrieultunil  Society  of  England,  Royal— J ourrnil.  Vol.  LXIV-     8to.     1904. 
dfiiifrii*an  Academy  of  Artt  and  Sd^neet — Proceadinnri,  VoL  XXXtX.  Noe.  13-15, 
bto,     1004. 
Meinoiis,  Vol.  XIII.  No.  1.     4to.     IIMH. 
Am^ean  Gfttgraphical  S,wiiiiij—mihtm,  Vol.  XXXVI.  No.  1.    Svo.     1904, 
AnUqttarKt,  ^)c4ety  o/"— Arcbjeokgia,  Vol,  LVIII,  Part  2.    4 to.     lOOS. 

Pfix-«din«a,  Vol.  XLS.  No.  2-     Sto,     1903, 
Attrfifiomieal  Soeifti/f  Rotjal^MantUlj  Notkt*a,  Vol.  LXIV,  No.  4.     8to.     1904. 


Atirfinomseal  toeiety,  tiotjal^aiaMuiij  i\oinjt*a,  \ 
Jutowiftfeite  Ciub—JonruAl  for  March,  1904.     4 to. 
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Svo. 


Ba%k*TM,  Imtitute  of— J+>uriial,  Vol.  XXV,  Part  3,    8to.     1904* 

B^lg*umy  Boyal  Aendemy  aj  Arfctic'*'*— Bulktm,  1904,  Nng,  1-2,     8v©, 

B<whifi  Fuhiic  Ltbrartf—ihjnthlx  UiiUfrtm  for  Blan-li,  UM)4.     3vo* 

,Bri((*A  Jrpfti/erfj,  Jloi^dZ/fi^/t/iif*'  of-^JoufmU,  Third  Soriee,  VoL  XL  No«.  l()-U, 

British  Attronomieal  JjacKTuiion—JiJumal,  Vol,  XIV,  Na  5.    MetnoiTft.  VoL  XIII, 

Part  1.    8to,     liJ04. 
J3it«no«  ^yr«f,  Ofi^— Mofflthly  BuUetlu  of  MuatcipiLl  Slatbtloa,  J&n,  1904,    fal. 
CamHliciTi  Oowrnmtni  {DepaHm&tit  of  the    Interior) — M&|i«  of  Sonth-Basti-ra 

Aliaka,  North -Went  Territan«fi  aud  Mattitotm,     I9{>i. 
Ckgmieal  Jndvftry,  SorUitf  o/-^ourtifll,  VoK  XX III.  No.  5,    Svo.      1904. 
Ckemieat  8odd}f  — Jourml  for  Matob ,  1 1  "04 .     8  vo, 

ProoeedingB,  Vo).  XX.  Noa.  277-278.    8to.    lil(H. 
J3nj",  Sbi»^  <ie  ^orda— Bulletin,  1903,  3*  Trmiudtra,     8?o, 
Edir^wgk  Bo^  SflK7*Viif— Proceedjjj^  Vol  XXV,  No.  1,    Sto,     1904* 
jBiiil'ort— American  Joarn^l  of  Science  foi  Mftrob-Aprili  1904,    8to, 

AuiiyBt  for  Mureh- April,  19(H.    8vo. 

AstrophjaicHl  Jounml  for  Maf^eb,  1004. 

Atheinieum  for  March,  H»M4,     4 to* 

BofLTtl  of  Tratle  Joumul  for  Man^b,  IIKH, 

Brewors*  Jourtinl  for  Mdrch,  1D04.    Svo, 

CbemiCRl  News  for  March,  1W(H.    4to, 

Chemiat  and  Drpg^lut  for  Mnreb,  Uf04. 

Eteotrical  Kngineer  for  Msircb,  h*(l4.    foL 

Electricjal  Keview  for  March,  19(14,     8vo. 

Electrical  Times  for  March,  li:i04,    4 to, 

Eleotrjeity  for  I^larch,  19«>t,     8yo. 

Eieotro-Chemiat  and  Metallurgist  for  Mawli,  1901,    Sto, 

Eogiueer  fof  Miiroh,  11^04.    fot. 

EagiueerlDg  for  Miiroh,  1904.    fob 

EnpDeerinj^  Review  for  March,  UWH,    8vo* 

Homcoopathlo  Review  for  March,  1904.    8 to. 

Horologica!  Journal  ff)r  Mareb,  1904,     Sto, 

JniLTQal  uf  tbt<  Britiiih  DeDtal  Association  for  Maroh^  1904.    Sro, 

Journal  of  PbvBioal  Chemistry  for  Feh.  1904,     8vo, 

Journal  of  State  Medioiiie  fo?  Miirch,  li>91.    Sto. 

Law  Journal  fot  Mareh.  1904,     Sto, 

LoDdori  TechQieal  Eduo^itioii  Gazette  for  March,  1904.    foL 

London  Uiiiveraity  Gazette  for  I^taroht  191*4,     fob 

Mftchinery  Mtirket  fijr  Maixih,  1904,    Svo, 

Mfidel  Eiigioeijr  for  Mar<?b,  1904.     ^vo. 

Moia  Bcieiitiflque  for  March,  I9U4.    8vo, 

Motor  Car  Journnl  for  Marfih,  19<H,     Svo. 

Myaieal  Times  for  March,  1904.     8?o, 

Nature  for  Marcb^  1904,    4to. 

Ncir  Cbaroh  MugaziD^  for  March,  1904.    Svo, 

NuoTQ  i."t mental  for  Nov. -Dee.  190H  and  Jan.  1904.    8to. 

Page's  Magazine  for  March^  li>04.     8vo, 

Pboto^^raphio  News  for  March.  1904,    8to. 

PbyBiefll  Heriew  for  Slapch,  1904.     8?o. 

Public  HuflJth  Engttieor  for  March,  1904.     8 to. 

Science  Abetxacta  for  March,  1904.     8vo. 

Terrestrial  Mufineti&ai  for  Deo.  1903.     8vo, 

Zoophilist  for  March,  19U4.    4 to. 
Ji'jtorenc€,  Biblhteea  NimoHale—iMlelm,  March,  1904,    S?©, 
FranJdm  /rtriilu/*— Jouraal,  VoL  CLVtl.  No,  3.     3to.     1904, 
GenfBH,  Sacieti  iLi  P/j^nf^uti— %[bmoirc$^  Vol.  XXXIV.  Faac.  4.     4to.     1904. 
Gof/graphiml  SQciety*  Boyal — Gtjograpbioal  Journal,  Vol.  XXIII.  Noi.  3-1.   8to. 

iy04. 


'1904»] 


Gcnerai  Monthly  Meeting, 


in 


Gmtogimi  S»wly— AlT«tmct*  of  Prajeeding*,  Nflt.  791-79^,    8to,     190i, 
Hariem,  Soeiete  SoUandaite  det  SciBtwss — Arohivea   N^rlaud&iaei,  S^rie  II. 

Tome  SIX.  l-^^  et  *I*  LiTraiiiini.    Svo.     V3(H. 
Harper  *£  Brttt^^  Mesm-g,  (Hm  Publinhm)  ^Th&  Hiae  and  FrogTesa  of  tiie  Standard 

Oil  Couipaiiy,     By  G.  H.  Jlautagne.     8vo,     1^0-4. 
Matu^tetier  Oedfjguat  S^^khj—Tmu^QtioxiM,  Vol.  XXVIII.  FaiU  lP-12.     Svo. 

1904. 
MamaehuaeU*  InMitute  of  Ttciitidiogy — TecUuology  Qu4rterlj«  Vol.  XVI.  No.  4 

8to,     I9ft3. 
Idtxim,  Iiutiiuio  Geologkc — Parergoaeif  Tom  I.  No.  1.    8to,    1904, 
Milt^  E.  11.,  E*7.,  D.Se.  {the  Aittkor)^^mn  mid  Eittreine  Annual  Kainrall  owr 

Bntitih  Mm.    8vD.     1004. 
The  GFent  DuBtfnll  of  I'>brwary%  l^^%  and  its  Orijgrin-    Sto.     I90i, 
JfimliHia  I7fitP*m/y— lluHetiii,  Biological  Seriea,  No.  <i.    8™.     1903. 

PresSdent'i  Reiiort,  lm2^^.    Svo. 
MiiTiieh*  Eoyal  Bavarian  Aaadem'^  o/  Seien&et — Ablmndlangeii,  VoL  JLXL  Pkrt  1« 

4to.     1904, 
A'af^  Leaqu^ — Navv  Leaf^ue  Joyraal  far  April,  l9fU.     Sto, 
North  of  England  fmtitute  of  Mining  and  Mtdtojiicfil  Engin^n^TiVkJiMSiJ^tioii^ 

Vol.  LIU-  No,  2.     8to.     1904. 
Od(fiUoiogi(Hfl  Socieiy^Tmmf\Qiiooi,  Vol,  XXXVI.  No.  4.    Svo.     UK>4. 
Puriti  SoGtiU  Franniise  de  Ph^wiquf — Bulletin  den  S^QC^ea.  ltU3,  Fa&c.  3-4.   8tp. 
Pfrmsiflvania,  Unit^rtUif  nf — ^Catrdoguo,  liJi>8-4,     3\*o. 
Tkarma^idimX  Sttc^i^ti/  of  &rmt  Uritatn—SQUTUixl  for  March,  1904,     8ro. 
Photographic  Society,  /^f»yal— Pboto^rapUic  Joumal,  Vol.  XLI V.  No.  2.  8vo,  1904. 
Monte,  ministry  of  Pahlie  TfWir# — Giomale  del  Geaio  Civile  for  Sept. -Oct.  1903. 

8vo. 
Rf/yal  College  of  PhytklattM — Catalogue  uf  Aceeeaiona  to  |U«  Library.    Svo.    1903, 
Ht^at  lri>th  Amflemfj—rmnsactiouE,  VoL  XXXII.  Bm.  A,  Part  10.    4to.     1901 
IliH/*d  Soeiehj  of  iotidow— Philoaophioia  Traoaactioiw*  A,  Nob.  362-363 ;  B.  No«. 

224-ti2tJ.     4to,     1904. 
PtooeediDgt,  No.  41>1.    8to.    1904. 
SsOomt  £b«f<iy— Natiire  Note«  for  Marcli,  1904.    8to. 
Smitht  B,  iMgh^  E*^,^  M.A.  M.RJ, — Th^  Scottifili  GMgmphlcal  Mftgazine,  VoL 

XX.  ^0.  4,     8Ta     1904. 
iimiihmnitin  hvstitutifyn — Migc?e!limQoiia  Collection,  Vol  XLlV.  No.  1374;  Vol. 

XLV.  tQtiarterly  ImupX  Pa^a  1-2.     8yo,     H)0;i-4. 
So  i^tf  d/ vlf<*— Jounifll  for  Maiob,  1904.    8vi>. 
Stafiatiml  Soeietu^  Boyal—Jmru&l  Vot.  LXVIL  Part  1.    Svo.     1904. 
Taerhini,  Pntf-  P.,  H<m,  Mem.  R.f.  (the  Author)— Mcmotie   della  Societi   ilegli 

Spettro«>:)piati  ItoliflDi,  Vol.  XXX II 1.  Din  p.  2.     4to.     19iH. 
Tttronio   Uttimrait^ — Stiidi*^8:    Physical  Bdenct*  Series,   No.  B;    Pliyaiologica  1 

S«rita,  No.  4.    8vo,    VMiX 
Tranftsaah  AgrieiiUural  DemHitUint — Journal  for  Jan,  1304.     8to. 
Uitiisfi  i^rvioe  ImtiUdion,  liot/al — Journal  for  Blaroh,  1904.     Sto, 
Uniteif  Statet  Department  af  Atfricuiiurth—Jiifinihly  Weather  Review  for  De^S.  lUOS. 

4to. 
Weather  Bureau,  BuUetiu  L.,  Clinmlolofjy  of  CnUfaraia.    By  A.  G.  MoAdi#, 

4to,    yjtrn, 
Eiperimeat  Station  Bet'oH  Feb.  1904.    Evo. 

State*  Patent  O^w— Offl*ia!  Guiftttcs  VoL  CIX.  Noa.  Ull    4to.     IW4. 
Kur  Bef&rdtrun^  det   GewerhjIeiMea  in  Preuisen — VerhaudluDgeUf   1904, 

Heft  U.     4t4i. 

MiH  A\— Huydn*a  Dictionary  of  Dut^a.    23rd  ed.    8to.     1904, 
Baeietj/  of  Kwj^jiie^r*— Journal,  Vol,  XIX,  No.  I.     8*0.     11*04. 
Wo6^tm»6t  A,  X,  Egq.,  M^R.L^TmuMctiuDii  of  the  New  Zealand  Inatitat* 

Vol*  I.'XXXV.  J80S-19U;i.     3to. 
^Ze&Uxfieal  SoeUlp^FnxeediDga,  1903^  VoL  tl.  Part  2.    Sro.     1904, 
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WEEKLY  EVENING  MEETING, 

Friday,  April  15,  1904, 

Sir  Jaueb  CBioaroK-BRowNJs,  M.D.  LL.D.  F.R8,,  Treasurer 
and  Yicc-Fresideiit,  in  tbe  Chair, 

The  Eight  Hon*  and  Bight  Rev.  Measignor 
Thb  Count  Yay  dk  Yata  aud  Lussod,  DJP.H.H.  K.CXG. 

FirBt  ImpreMions  of  SeouL 
(Fbaoiuemt  or  LsoTtrBK  0!tr  "Ko&ea  a>»p  i«&  Ko&ttAXB.**) 

«...  At  last  I  arrive  safelj  in  Seoul.  It  is  eventide  and  th« 
moon  ifl  just  appearing.  In  the  dimness  the  must  desolate  imperial 
reeidence  in  the  world  seems  etill  more  desolate,  more  wretched, 
miierable  and  de&erted, 

Mj  sedan  chair  is  being  carried,  through  a  long  street^  or  mthef 
Toad. 

Bmall  honsofi  fitand  on  either  hand,  but  bougea  they  cannot  be 
called— those  I  have  seen  up  to  the  present  can  at  tbe  best  be  termed 
*'  hovels  **-^ftt  last  we  roach  the  walls  of  tbe  inner  city  ;  for  till  now 
we  have  been  merely  in  the  outer  town,  Tbe  wall  is  ragged  atid 
thorny.  In  front  stand  a  number  of  roofed  and  painted  gatefi*  I 
almost  imagine  myself  back  in  Peking,  for  tbe  pictttre  is  a  replica, 
but  in  miniature.  However,  I  am  unable  in  the  dusk  to  see  how 
much  smaller  it  is.  The  general  effect  is  the  same^  imprinted  with 
the  familiar  Chinese  chai^eterietiee. 

The  moon  is  now  shining  brightly,  but  it  shows  nothing  new  in 
the  aspect  of  the  rosd  within  the  walls,  'llie  main  street  of  Seoul  is 
as  d^p  in  clay  and  mud  as  it  was  at  the  Creation,  when  the  "  waters 
dried  up,"  Its  houses  have  not  altered  ^  they  are  no  more  than  the 
clay  huts  of  prehistoric  man,  his  proteclion  against  cold  or  beat. 

I  requested  the  bearers  of  my  chair  to  walk  slowly ;  I  did  not 
wish  to  lose  my  first  impresaion.  The  first  eight  of  an  unkuowu 
country  stamps  itself  on  our  minds  in  a  manner  unique.  There  is  n 
fascination  in  the  unknown — a  wonderful  interest  attached  to  the 
unespeoted.  Our  waQderinga  amongst  strange  peoples  In  the  streets 
of  a  strange  city  are  not  for  the  pen  to  describe. 

Everything  that  is  uncommon  is  mysteriuus  until  reality  tears 
aside  the  veil ;  and  as  long  as  it  is  built  up  by  our  imagination  and 
peopled  by  her  fantastic  creations,  so  long  does  it  remain  a  City  of 
Di^ams. 

The  streets  are  getting  broader  and  the  clay  huts  grow  even  more 
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Insignificant.  I  stop  for  a  moment  in  the  great  fiqnare  ;  it  may  be  the 
ceD^^  of  the  citj,  but  le  little  more  than  a  croea-rond  leading  iuto  a 
few  iide-etroeis. 

It  is  fioarcely  seven  o'clock  and  yet  over  all  brooda  a  death-like 
silence,  a  peaceful  calm,  ag  complete  as  one  can  im&gino.  The  broad 
streeta  seem  &n  immenee  cemetery  aud  the  mean  little  flat-roofefl 
houses  graves.  One  might  think  it  is  All  Saints'  Day  for  on  each 
grave  a  little  lamp  is  btirning.  A  lauteru  hangs  from  each  eave, 
showiug  a  yellowish  dame. 

Bnt  the  peoplo  themselves — like  ghosts  they  are  retaming  to 
their  homes,  each  robed  in  white,  each  and  all  mute.  Without  a 
sound  they  flit  over  the  roads  of  this  endloea  graveyard,  until  thoy 
dieappear  into  the  depths  of  some  one  of  the  illuminated  tombs* 

1  have  never  heen  so  impressed  by  any  other  city  I  have  seen  as 
I  was  by  my  first  sight  of  Seoul,  As  I  flaw  the  city  just  now,  by  the 
light  of  a  November  moon,  dark,  dumb,  desolate  and  ghostly^  it 
TGsemhled  more  aotne  fairy  city  than  reality.  Almost  like  tho^ 
storied  places  sung  of  in  the  poetry  of  almost  every  people,  whose 
tale  is  listened  to  with  such  rapture  by  the  little  folk  of  the  nursery 
who  know  nothing  as  yet  of  life's  seamy  side. 

Such  a  town  was  Seoul  to  me,  the  first  few  hours  ed'ter  my 
•rrivaL 

Tht  DawH, 

I  am  aroused  by  the  sound  of  drums  and  trumpets.  Of  whom  ? 
Of  ghosts?  What  can  have  happened  that  the  honse  of  silence 
should  have  been  disturbed  by  such  an  awful  uproar? 

I  batten  to  ray  window.  The  long  street,  the  square,  every  inch 
of  ground  is  occupied  by  soldiere*  These  are  short  and  yellow, 
wearing  a  black  uniform^  the  black  cloth  set  ofi"  by  a  broad  red  coUar. 
The  black  coats,  red  collars  and  jellow  faces  make  a  motley  colour- 
scheme,  almost  as  though  thev  were  checkered.  The  men  seem  to 
like  it. 

If  the  mixture  serves  no  other  purpose  it  offers  an  excellent 
target  for  an  enemy,  which  was  probably  the  idea  of  its  inventors. 

The  din  continues.  The  trumpets  blare  and  these  black,  red  and 
yellow  little  people,  like  tin  soldiers,  keep  moving  before  me.  To 
and  fro,  up  one  street  and  down  another  they  go,  like  property 
Aoldiers,  now  appearing  on  and  again  LHsappearing  from  the  stage — 
always  the  same  supers,  but  one  would  think  tlioy  were  a  mighty 
army. 

And  all  the  time  the  bayonets  dash  on  the  ri^e  barrels,  vvhoee 
weight  seems  rather  too  much  for  the  little  meu.  The  drums  still 
heat  and  fanfares  ring  out  on  the  frosty  morning. 

What  has  happened?  Has  the  cctronation  not  heeu  postponed 
after  all  ?  Is  the  Emperor  at  last  inaugurating  the  festivities  eo  long 
looked  forward  to  ? 

I  ring  the  bell,  and  a  servant  wearing  a  pig-tail  wound  up  in  a 
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knot  tind  dressed  in  white  enterB.  Hie  long  coat  is  of  lineD,  bis 
head  covered  bj  a  bcU-sliaped  hat  of  horse-hair,  ^rhloh  resembles  in 
shape  the  glass  lid  tised  to  protect  preserves  from  flies. 

This  quaint  senraut  seems  more  surprised  at  mj  question  than  1 
at  hie  liverv. 

"*  But  the  army  has  been  reorganised  by  European  offioeriB.  It 
has  beeo  taught,  iu  the  Western  style,  to  march ^  manoeuvre  aud  kill, 
aud  for  the  performance  of  this  gay  farce^  seats  have  been  erected, 
and  now  you,  a  European,  coming  from  the  West  »sk  with  obvioos 
irouy,  what  does  all  this  mean  ?'* 

I  can  see  how  amusing  tbo  whole  situation  is,  and  what  a 
Indicroufi  side  it  has.  The  fact  of  the  collar  being  a  few  inches 
deeper,  or  of  th©  colour  of  the  uuiform,  does  not  alter  the  character  of 
tbat  uniform ;  it  ifi  still  a  distinctive  mark»  even  in  its  best  edition. 

The  rifle  always  defitroys,  whether  the  meohanism  is  new  or  old 
that  projectfi  tbe  ball^  and  whether  or  no  a  soldier  ib  a  couple  of  feet 
taller — with  a  yellow  or  a  white  complex  ion  ^ — his  calling  is  always  a 
gloomy  one.  For  do  we  not  consider  that  Boldier  most  efficient  who 
destroys  the  greatest  number  of  lives  ? 

Pawn  now  turns  out  into  moraiug  and  the  doors  of  the  shops  open 
one  by  one.  Moat  of  them  are  only  protecteii  for  the  night  by  mats 
OT  a  few  planks.  Later  on  the  customerg  begin  to  arrive,  all  of  them 
dressed  in  white.  Men  aud  women  alike  wear  long  linen  coats 
(kaftans)^  and  their  lined  foot-gear  is  also  of  linen^ — in  fact  they  axe 
white  from  top  to  toe,  excepting  the  black  hat  of  horsehair. 

Now  and  again  I  see  a  sedan  chair,  which  however  is  not  larger 
than  a  good-sized  box — its  oecupant  huddled  up  inside.  I  i^nnot 
see  any  carriage,  trap  or  horse,  iu  spite  of  the  growing  traffic,  whicli 
however,  is  perfectly  noiseless.  Perhaps  this  may  account  for  tbe 
fact  of  my  still  being  under  the  impression  of  being  in  a  desei'ted 
city. 

My  Firsi  WaUt  ihrmtgh  the  Citjf. 

It  is  generally  on  the  first  day  that  we  catch  the  most  character- 
istic traits,  or  at  any  rate  the  most  salient  features  strike  our  inmgini- 
tion.  When  our  perceptive  powers  are  still  fresh,  they  are  most 
influenced  by  little  peculiarities. 

After  breakfast  I  go  out  for  a  stroU,  and  find  the  palace  gate  i» 
front  of  me,  outaide  which  some  soldiers  are  standing.  Beyuud  it 
stretches  a  long  street  towards  which  I  turn.  This  is  the  same  str^ot 
which  yesterday  resembled  a  vast  graveyard.  The  houses  now  stand 
open,  as  the  wooden  wall,  looking  on  the  street,  has  been  remove^. 
There  are  a  considerable  number  of  shops,  but  small  and  mean, 
displaying  no  wares  that  attract  my  attention.  The  cabinet  makers 
make  the  best  show,  consisting  of  small  chests,  with  brass  ornameut- 
ution,  having  large  polished  looks.  These  are  no  less  quaint  thnti 
they  are  tasteful. 

They  seum  to  sell  well,  for  in  a  whole  raw  I  can  see  nothing  eke. 
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There  is  also  no  lack  of  setds,  but  the  baskets  do  not  offer  a  quarter 
of  tbe  variety  of  a  Chioeae  grocery,  I  do  Dot  tbiuk  I  saw  aoy  more 
fib  ops,  at  leiiBt  any  that  I  remiLrked.  Tbej  seemed  small  and  empty, 
neTer  more  than  a,  couple  of  customers  in  the  shop. 

Wbat  attracted  especially  my  attention  was  the  largo  number  of 
sec  try*  boxes.  Every  five  or  ten  yards  you  came  across  a  box  with  a 
ettibby  blackf  red  aud  yellow  soldier  inside,  armed  ] 

No  matter  whcare  I  turn  there  are  sen  try -boxes  everywhere,  to  the 
right,  to  the  left,  in  front  and  behind  me.  Can  it  be  u  fact  that  o, 
whole  army  is  required  to  keep  this  little  folk  in  order  ? 

I  Strvei  Life. 

Xo  sooner  had  I  put  this  question  to  myaelf  than  I  perceive  a 
disturbance.  Some  coolies  carrying  vegetfiblea  engaged  in  a  battle 
royal,  and  two  boys  pitching  into  each  other.  But  the  private  stands 
there  unmoved.  His  look  seems  rather  to  approve  than  condemn. 
He  is  evidently  not  intended  to  keep  the  peace  \  this  does  not  ^eera 
l^rt  of  his  duties.  Bo  the  coolies  may  figbt  as  much  as  they  like 
among  the  cabbages.  (The  group,  by  the  way,  forma  an  interesting 
picture,  the  coolies  in  white  with  the  gi'^en  loads  on  tleir  backs  in 
the  thick  of  the  fray.)  The  emaller  of  the  boys  commences  to  cry  iLg 
blood  is  dripping  from  hia  forehead,  but  the  soldier  is  not  aflected 
by  the  sight  of  this  either,  I  wonder  if  what  he  just  muttered  was 
that  the  **  Bed  Cross  "  was  not  his  business  ? 

As  I  went  on  I  heard  more  screaming  and  qtiarrelliug,  and  wit- 
nessed a  few  more  little  skirmishes.  It  was  not  until  now  that  I 
rialised  how  unaecustomcd  I  was  to  quarrels  and  lights,  as  in  China 
I  never  saw  one  man  fighting  another.  They  have  there  aoivi]isi3,tion 
of  thousands  of  y&ars  to  thank  for  that. 

I^  Smfot&r"*  New  HaJl 

1  now  approach  a  hall  which  is  being  repaired ;  it  has  a  pointed 
loof  and  broad  eaves,  similar  to  those  of  the  Palace  at  Pekinp 

Quite  a  forest  of  wood  is  stored  np  there  in  the  shape  of  beams. 
As  I  Bee  with  what  precision  the  workmen  make  the  various  parts  fit 
together  without  the  use  of  nails,  I  am  deligbted  that  the  traditions 
of  ancient  architecture  are  not  yet  ertiuct. 

I  am  now  in  the  neighbourhood  of  the  Royal  Falace.  In  front  of 
the  main  gate  is  a  large  square  wbicb  further  on  turns  into  a  street, 
with  public  buildings  on  either  side.  These  are  the  ministerial 
oiBoeai  where  is  spun  the  web  of  the  Korean  government 

1%9  Old  Falace^ 

Externally^  the  Palace  has  little  to  distinguish  it.  The  facade  is 
rather  low  and  the  walls  are  mud  coated,  while  the  gates  are  nt)t 
much  better^  in  the  Chinese  style  aud  crowned  by  tiles.  The  gates, 
which  are  wide  open,  lead  into  a  large  inner  courtyard,  where  there 
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are  II  mimber  of  or<Miiary  and  state  sadaa-chaire.    Oroivds  of  serranu, 
attendants  and  coolies  are  warming  them  selves  in  the  ena  j  others  ara  ■ 
playing  at  ball,  which  they  kick  off  and  catch  with  their  legs.  1 

In  the  middle  of  the  etroet  you  meet  inandarina  hurrying  to  ihoir 
offices,  magifitratos  and  other  men  of  GOUBequence,  mc^t  of  them  in 
chairs,  or  rather  boxee.  These  are  carried  by  two  serrauts.  The 
Tebicle  is  cover od  with  a  cloth,  that  of  the  better  class  matching  in 
colonr  the  servants'  liveries.  I  have  seen  grey  and  yellow  ones  also. 
These  belong  to  the  Korean  arietocracy. 

The  most  attraotive  of  all  was  the  *^ carriage"  of  a  noble  in 
monruing.  His  chair  had  quite  recently  been  covered  with  cloth 
of  a  yell 0 wish  hiie»  which  the  two  servants  also  wore,  their  ooata 
reaching  nearly  to  the  ground.  In  order  to  give  their  limba  freij 
piay  these  had  been  split  up  as  far  as  the  waist.  But  this  can  be 
nothing  more  than  fashion,  for  not  even  the  whip  would  make  a 
Korean  hurry.  They  also  wear  a  broad  girdle  tied  up  in  a  bow 
round  the  waist. 

When  in  mourning  tbey  wear  straw  hats,  hut  not  black,  which 
are  shaped  like  a  fair  sized  orthodox  bread-baeket.    Those  have  widefl 
brims  reachoBg  the  shoulders  and  entirely  concealing  the  face.     In  V 
such  a  weird  costume  they  strongly  resemble  a  yellow  mqahroom 
sprung  up  on  a  summer's  day.     Straw  sandals  complete  the  costume. 

In  spite  of  those  strange  details  and  absurd  combinatiotis  the 
gencml  effect  is  good ;  the  colours,  the  silk -covered  chair  ^  straw  hat 
and  sandals  bleiid  harmoniously  together.  Seen  from  a  diatatice  thev 
all  have  the  appearance  of  ivory  knick-knacks,  such  as  you  see  exhibited 
for  sale  in  Japanese  curio  shops. 

A  Korean  Wedding, 

But  I  hear  a  noise  in  the  dislauce,  and  from  the  direction  of  the 
western  gate  a  motley  crowd  comes  towards  me.  It  must  be  either  a 
funeral  or  a  wedding.  So  far  I  cannot  distinguish  which*  The  next 
moment  two  children  detach  themselves  frtim  the  crowd.  They  seem 
to  lead  the  procession.  Their  dress  is  glaring,  of  green,  purple  and 
scarlet  silk,  with  their  dark  hair  encircling  their  foreheads  in  gleam- 
ing plaits.     They  are  also  decked  out  with  flowers  and  butterflies. 

Behind  them  a  large  box  painted  red  and  polished  is  carried. 
This  is  evidently  the  dowry.  Now  follow  the  dancers,  in  pairs,  but 
widely  apart  from  each  other.  Their  costume — I  cannot  describe  it  I 
Almost  shapeless^  it  consisteil  of  skirt  over  sMrt,  kerchiefs,  veils«  all 
pell-mell,  and  of  every  colonr  of  the  rainbow, 

I  take  note  of  many  things  which  to-morrow  might  escape  mei. 

Street  life  is  one  ever  flowing  stream.  In  Seoid,  I  obfierve^  every- 
body lives  on  the  thoroughfares.  That  is  probably  the  reason  why 
its  streets  are  so  wide  and  the  dwellings  so  cramped.  In  this  trait 
the  Korean  is  like  the  Spaniard  or  Italian.  He  is  never  so  happy  im 
when  out  of  doors.  There  he  stands  on  his  threshold,  or  basking  in 
the  sunny  courtyard}  or  he  lights  his  pipe  and  strolls  up  and  down 
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for  honre.  His  carriage  h  slo^  and  stately.  I  wonder  where  he  la 
going  to  and  what  he  ia  thinking  of— nowhere  and  of  nothing — ^'  il 
fl4ne,"  There  ia  no  ani table  word  in  another  language  for  this 
iiiinletig  meandering.  "Loitering*'  indicates  only  physical  slowness, 
and  moral  vacuum  is  not  simultaneously  connoted  by  it. 

The  Korean  T.  Atkifu. 

Now  and  again  a  private  comes  by.  He  is  the  coming  man  I  If 
he  lenrns  nothing  in  the  barrack>yard,  he  does  learn  how  to  walk. 

He  has  had  his  pigtail  ebom.  At  first  he  bemoaned  it ;  for  this 
bead-drees  of  his  embodied  a  general  principle.  With  its  departure 
he  was  cut  adrift  from  aU  bis  old  associations  and  traditions* 

But  like  the  child  he  is  at  heart,  he  soon  forgets  hie  pigtail  and 
its  traditions  along  with  it,  and  ton] ay  is  proud  of  the  metamorphosis. 

As  the  man  of  progress  and  of  the  future  be  scorns  the  white 
coats,  sandals  and  hats  of  his  countrymen. 

A  E&rran  SehooL 
From  a  small  house  at  the  corner  a  Tery  babel  of  sound  issues 
forth.     It  is  the  inarticulate  mecbanical  repetition  of  one  chapter — 
exactly  the  same  method  our  own  scboolmaaters  u Bed  to  employ  for 
instilling  knowledge. 

As  the  door  in  the  courtyard  is  open  I  enter.  In  front  of  me 
I  find  a  room,  not  more  than  ID  feet  square,  m  which  ten  or  mora 
yonugiters  are  crowded  together.  There  they  sit  on  the  floor,  dressed 
iu  green  instead  of  white,  and  their  long  hair  banging  down  in  fine 
plaits. 

Each  has  a  big  ABO  book  in  his  hand.  Every  word  has  a 
different  letter*  These  they  repeat,  aud  in  this  way  knowledge  is- 
driven  into  them.  They  pronounce  evorytbing  out  load,  moving  ull 
ihe  time  the  upper  part  of  their  body  to  right  and  left,  backward* 
and  forwards. 

The  dominie  is  seated  in  front ;  be  also  is  squatting  on  the  floor. 
His  eyes  are  shielded  by  goggles  of  enormous  size,  and  he  wears  on 
bis  head  a  horse-hair  crown. 

Ho  is  wisdom  personified,  outwardly  at  any  rate.  His  thoughts 
Beem  to  be  ranging  far  away  in  the  distance,  aud  from  his  Olympic 
seat  he  casts  an  indifereut  eye  on  his  perspiring  pupils. 

But,  as  a  famous  Chinese  j)edagogue  says,  Chinese  spelling  and 
writing  can  only  be  mastered  mechanically.  His  best  scholar  is  the 
jackass. 

The  R.  a  ifiWon, 

From  there  to  the  Mission  ie  but  a  few  yards.  As  I  enter  its 
Iron  grilled  gate  nsy  surprise  is  as  great  as  agreeable.  For  I  see 
before  me  a  grand  cathedral,  and  on  either  side  spacious  buildings 
standing  in  their  own  wooded  grounds. 

It  was  bnilt  on  the  model  of  one  of  the  old  cathedrals  in  the 
Ketherlands — retl  brick,  Gothic,  a  style  I  do  not  like  to  find  in  the- 
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Eitst  But  this  la  only  a  abortcomiug  la  my  artiatio  BGnse ;  as  a 
building  nothing  con  be  said  against  it  In  its  way  it  is  perfect. 
But  what  Btruck  me  most  n-an  ita  cleanliness.  The  atone  floor  wa^ 
US  bright  as  a  mirror. 

The  bisljop  is  away  on  circuit  and  will  reium  only  in  ten  days, 
BO  the  vicar  received  me.  He  showed  me  over  the  whole  little  colon?, 
the  school,  Hud  convent  and  orphanage.  But  of  these  I  will  speak 
more  fully  elae where.  I 

As  I  take  my  leave  the  sun  was  setting.     The  peaks  of  the  en-     1 
girdliug  biUs  were  reflected  in  purple  tints  on  the  topaz  sky.     The 
Mission  down  below  in  the  dell  appeared  in  a  bluish  mist,  only  the 
cathedral  cresting  the  hill. 

lieturning  home  by  a  circuitoua  route  X  found  the  streets  even 
more  thronged  than  in  the  morning.  I  glanoed  into  a  few  shops,  but 
there  m  not  much  worth  seeing.  The  furriers  seem  to  be  the  busiest. 
They  are  cutting  out  and  Bewing  a  number  of  tunics,  capes  and  tur 
coats.  There  are  also  a  good  many  jackets,  and  still  more  without 
sleeves  to  protect  the  chest  and  back.  Over  these  they  wear  tliin 
white  linen  kaftans.     No  wonder  they  look  like  walking  eider-downs. 

To  the  right  1  noticed  a  tavern,  much  like  the  Ohineso  roa^Jside 
inn.  In  the  large  open  stable  a  tow  of  small  rough-haired  horses 
were  standing  with  straw  rugs  on  their  backf.  A  coolie  was  cany- 
iug  water  &om  the  well  in  two  brass  vessels  hanging  on  the  ends  of 
a  long  pole. 

The  pole  does  not»  however,  rest  upon  his  shoulders^  but  is  fastened 
crosswise  to  his  back.  Man  and  load  have  the  appearance  of  a  liviug 
pair  of  scales. 

Next  came  some  unpretentioms  little  barracks^  which  in  their 
smallness  are  after  the  pattern  of  the  soldters,  a.  number  of  whom  are 
looking  out  of  the  windows.  In  the  absence  of  any  better  occupation 
they  are  chewing  pumpkin  seeds, 

Now  we  arriTo  at  the  curiosity  shops — ^several  poreelaia,  a  few 
bronsse  articles,  many  tiles  and  a  farrago  of  rubbish. 

On  the  oross-roftd  some  more  barracks^ a  long  low  buHding.  The 
little  men  in  front  of  it  were  wearing  uot  only  red  collars  but  alsi' 
red  dolmans.  Here  tho  cavalry  are  garrisoned.  A  little  scnip  of  *. 
huBsar  was  jnst  galloping  home.  This  warrior  is  not  a  whit  taller 
than  Hop-o -my -Thumb — ^his  charger  Ecarce  larger  than  a  well- 
developed  oalf  of  two  months.  By  the  side  of  this  toy  hussar  rattleJ 
a  formidable  sabre  which  seemed  in  danger  of  puUiug  him  down 
from  his  horse.  His  seat  is  without  that  poor  enough.  On  his 
coming  nearer  I  saw  that  the  murderous  instrument  is  an  ordinary 
cavalry  sword.  His  uniform  is  the  most  checkered  I  ever  saw, 
though  in  this  respect  all  European  nations  are  conspicuous  enoagh. 

The  dolman  of  tho  Korean  hussar  is  of  a  cinnamon  colour,  his 
collar  and  cuffs  emerald  green,  and  his  breeches'  stripes  saffron*  If  it 
was  the  plumage  of  a  parrot  that  served  the  model  they  have  attainod 
it  most  effectually. 
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Canine  Street  Pdiee. 

I  woe  wandering  furthor  on,  when  in  front  of  a  gate  some  dags 
nearly  knucked  me  down. 

The  fitreete  of  Seoul,  like  those  of  Pokin  and  ConBtantinople,  are 
full  of  them«  but  the  dogs  here  are  well  kept  and  strong.  If  a  single 
one  of  these  starta  barking,  this  signal  of  ^me  approaching  danger 
16  in  a  minute  responded  to  throughout  a  whole  quarter.  It  wan  so 
in  my  case.  As  I  came  too  near  the  threshold  the  gnardian  ou  duty 
there  was  under  the  impre&flion  that  I  intended  to  encroach  on  hia 
domain.  His  attitude  tow^ards  me  was  anything  but  friendly,  and 
not  being  armed  with  either  stick  or  umbrella  I  instinctively  stooped 
down  to  pick  up  ft  stone.  This  movemsnt  on  my  part,  however,  was 
BuMcient  to  make  him  drive  me  summarily  into  his  own  courtyard. 

Apropos  of  the  Korean  canine  race,  the  subject  is  worthy  of  a  few 
words,  becausti  they  aru  some  of  the  mo^t  typical  figures  in  the  streets 
of  SeouL  I  must  conft^ss  I  never  have  seen  better  trained  dogs  than 
these.  In  the  streets  they  are  the  meekeet  of  q^uadrupede  and  as 
quiet  as  Iambs. 

A  single  word  is  quite  sufficient  for  the  Seoul  dog  to  make  him 
eoamper  home  to  his  doorway.  Ho  knows  that  it  is  his  duty  to  be 
Hmre.  He  will  lie  in  the  little  yard  for  hours  and  hours,  but  prefers, 
l>60l  of  all,  to  take  his  ease  on  the  doorstep  with  his  head  in  the 
ttreet,  so  as  not  to  lose  sight  of  anyone  approaching.  He  hardly 
takes  any  notice  of  you  as  long  as  yoti  walk  in  the  middle  of  the 
Toadp  The  farthest  he  would  go  is  to  stare  at  dark-clothod  people 
with  other  than  yellow  faoes^  to  the  sight  of  whom  he  is  not  accus- 
tomed ^  as  e?er  since  he  camo  into  this  world  he  has  seen  none  other 
than  white  kaftans. 

But  the  moment  we  direct  our  steps  tofvards  the  house  he  gives  a 
gtowl  or  two,  and  upon  your  approach  barks  as  loud  as  he  can.  Ho 
reserr^  his  attack  until  you  are  about  a  yard  within  his  range.  By 
ibat  time  the  auxiliary  forces  from  the  neighbourhood  have  conoen- 
trated,  and  you  have  the  whole  brigade  snarling  and  yappiug  at  your 
heels*  This  fearsome  pandemonium  brings  the  master  of  the  house, 
or  a  menaber  of  his  family,  to  the  seat  of  the  dislurbance,  and  a 
tmgle  word  or  merely  a  sign  suffices  for  tho  Cerberufi  to  retire  to  a 
^raer  wagging  his  tail. 

Th€  Eetning. 

Darku^Bs  has  set  in.  Calmness  reigns  supreme.  The  fresh 
autumnal  night  is  silently  spreading  its  grey  veil  of  mist  over  the 
white  city.  But  behold.  Ih  it  not  the  northern  light  that  breaks 
tiirough  the  dark  ?  In  tho  direction  of  Puk-Han  it  begins  to  dawn. 
The  sky  unexpectedly  flashes  up ;  its  grave  red  light  is  getting  more 
^d  more  acute.  Now  flames  of  hundreds  of  torches  illumiuate  tlie 
atmosphere-  Another  surprise.  As  tf  tlie  many  strange  phenomena 
of  the  day  had  not  yet  rea^hetl  their  climax.  A  torchlight  procoK- 
sion,  the  like  of  which  I  haire  not  seen  before.     Pedestriaue,  sedau- 
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chairs^  mao  on  horseback,  are  cottung  forward  in  an  eniileBs  row. 

And  what  a  pageant  this  is  !  What  an  eOectite  group  !  The  minutest 
detail  haa  bet^n  carried  out  with  artistic  taste.  The  smallest  traits 
are  wanderfullj  grouped  together  to  enhance  the  general  effect.  J 

The  procession  ia  headed  by  children,  dressed  in  white  from  top 
to  toe,  wearing  heU-Bhaped  headgear.  Then  follow  bearers  of  torcb- 
lights  and  baimers,  serTants  carrying  texts  attached  to  poles^  others 
dangling  lanterns^  and  behind  these  another  group  burning  fitmw 
plaits. 

The  next  section  of  the  prooessiou  consists  of  ridorsj  of  whom 
eight  are  entirely  covered  in  white  cloaks.  Yon  wonld  imagine  they 
were  phantoms,  if  it  were  not  that  they  wept  bitterly.  These  ar« 
the  paid  monmera,  like  the  moaning  women  of  ancient  Borne.  It  is  ■ 
a  native  funeral.  A  member  of  the  Min  family  is  being  taken  to  hm  I 
last  resting  place.  He  ie  a  deBcendant  of  a  famous  clan,  a  relative  of  ^ 
tlie  late  Empress  of  Korea,  ao  regal  pomp  is  awarded  him.  And  the 
funeral  processLon  is  really  grand,  although  all  dresses  worn  theroiD 
are  of  unbleached  lineo.  The  trimmingi  are  for  the  most  part  of 
paper,  but  in  such  striking  combinations,  and  de8igne<l  and  finished  so 
perfectly,  that  we  disregard  the  details  and  only  admire  the  general 
effect.  The  group  of  moaning  women  is  followed  by  monsters  dressed 
as  guys,  such  as  gruesome  fables  are  peopled  viith.  One  wears  a  i$A 
masque,  another  a  yeUow,  this  a  green  and  that  a  blue  one,  Tbc 
appearance  of  all  is  awe-inspiring,  their  heads  being  ndamed  with 
hortiB,  cocks-combs  and  crowns.  Now  moro  and  more  new  gniup^ 
follow,  approaching  stately  and  disappearing  slowly  in  the  darknei^ 
of  the  night. 

A  Friiicdy  Funertd. 

How  long  the  procession  limited  I  know  not,  but  some  tbonsomi 
persons  must  have  marched  by  ©re  the  two  gilt  catafalques  appcwed 
on  the  fioene.  Both  were  alike,  roeembling  monumental  pagoHuB, 
gabled  in  many  places^  designed  with  the  quaint  originality  of  tiia 
people^  and  ornamented  with  all  the  fulness  of  its  fancy.  '  The  twu 
coffins j  prescribed  by  ancient  traditions,  rest  on  pedestals  in  the  sliado^f 
of  high  baldachinoa.  Behind  the  coffin  walks  a  person  wrapped  is 
sackcloth,  suggestive  of  the  cloth  worn  over  their  oniforms  by  mem* 
hers  of  the  Society  of  MisLTicordia  in  Italy.  The  catafalques  ^oJ 
coffins  are  carried  on  their  shoulders  by  thirty-two  mourners,  proct'e'^- 
ing  slowly  and  rhythmically. 

But  the  pageant  is  not  yet  at  an  end.  On  a  number  of  sda^' 
chftLTB  are  heaped  up  the  personal  belongings  of  the  defunct  Hi* 
clothes,  household  furniture,  horses  and  cuws — all  follow  him  so  tl** 
they  may  be  consumed  as  a  bumtofiering  by  his  graveside ;  all '" 
^#3^?  for  tfa^y  ^^^  b^t  of  paper.  It  is  in  such  cheap  edition  that  ti^ 
ancient  traditions  are  being  preserved  by  the  more  practical  inogeBf 
of  the  present  day.  I'he  silver  coins,  thrown  hy  the  riding  w«y^ 
amongst  the  crowd,  are  likewise  make-believe,  representing  pothiaS 
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but  email  diB&s  of  paper.  One  sedan-chftir  follows  another ;  hosts  of 
earfiers  and  servantja  accompany  the  members  of  the  family.  There 
is  the  tvhole  tribe ;  a  whole  brigade  ib  riding  behind  the  gabled  cata- 
falque. All  are  covered  with  sackcloth,  even  the  mendicant  is  drcasied 
in  white — the  whole  procc&sion  is  white.  And  as  thoj  tarn  roimd  on 
to|>  of  the  hill  the  effect  of  the  picture  is  unique*  The  weeping 
wDinen,  the  monstors^  the  moumerB  and  attendants,  the  gi*^aatio 
Cfttafalq^aefi  and  the  immense  crowd  were  one  of  the  strangest  sights 
I  ever  contemplated.  The  furled  bunuers,  dangling  texts,  opeu  sun- 
shades, lanterns  with  dim  lights  in  the  darkneaii  of  the  night  formed 
the  quaintest  setting.  The  light  of  torches,  the  burning  fascicles  of 
bnlrushea  and  straw  are  tinting  in  a  vibrating  red  the  long,  white 
and  ghostly  procession.  The  beating  of  drums,  the  droning  of  bag- 
pipes furnish  the  music,  and  the  weeping  women  the  proper  churud ; 
this  strange  funeral,  in  fact,  is  the  most  jierfect  *^  dan  Be  macabre/' 

The  full  moon  is  rising  slowly  and  stately  behind  the  hills,  fuller 
Ibnn  usually,  as  though  anxious  to  light  up  the  weird  procession ; 
her  melancholy  light  filters  through  the  night,  and  her  silvery  rays 
intensify  the  ghost liuesa  of  the  scene* 

The  first  day  spent  in  the  capital  of  Korea  is  nearing  its  end. 
Quietness  penetrates  the  night,  such  profound  quietness  as  can  only 
be  enjoye<l  in  Seoul,  As  I  am  walking  homewai^d,  the  alloy  leading 
to  the  Legation  is  dark  and  deserted,  and  I  try  to  recall  to  my 
xnemory  all  that  I  have  perceiycd  and  heard,  all  that  was  new  to  me 
a&tl  striking ;  all  the  contrasts  and  the  iucohcrency  of  the  earliest 
perceptions. 

I  will  write  it  down  forthwith,  ere  knowledge  spoils  the  glamour 
of  Jint  impreBBi<m9f  whilst  every  tint  is  shining  in  glaiiug  colour, 
whilst  every  detail  can  be  observed  through  the  nucrosco]je  of 
novelty^ 

On  the  last  day  of  my  sojourn  here  I  will  look  through  these  short 
uotea,  and  correct,  in  red  ink,  any  mistakes  that  may  be  fotmd  therein^ 
Town  and  people  will  thus  be  bettor  known,  but  the  charm  of  the 
first  day  will  vanish  for  ever. 
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WEEKLY  EVENING  MEETIN&, 
Friday,  April  22,  1904* 

Gsowv  Matthet,  Eaq.j  P*E.S.,  Vioe-President,  ia   the  Chair. 

CoLonsL  David  Bbuob,  E.A.M.C.  RB,8. 

Sieepiwj  Sickne*8  in   Uganda, 

FiHST  allow  me  to  remiad  you  of  the  general  position  of  Uganda  in 
Central  Africa,  which  is  repreeetited  in  the  following  map  (Fig.  1). 
The  port  of  entry  into  the  country  is  Mombasa,  the  tJgnnda  railway 
rnnning  from  here  to  Yictoria  Nyanza.  On  the  north-west  shore  of 
tlie  lake  is  Entebbe,  the  seat  of  the  English  Governuient  in  the 
Uganda  Protectorate.  Kampala,  or  Mengo,  the  native  capital,  liea 
Rome  20  miles  to  the  north  •east.  Uganda  proper  lies  to  the  nortb* 
west  of  the  lake,  Ankole  and  Unyoro  to  the  west  of  Uganda,  mi 
Bufioga  to  the  east.  The  other  lakes,  Albert  Nyanza,  Lake  Atl>erS 
El  ward  and  Lake  Tanganyika,  form  the  boundary  tietween  the 
Uganda  Protectorate  and  the  Congo  State.  To  the  east  of  Bnsog*  is 
British  East  Africa. 

The  portion  of  the  map  which  ia  shaded  with  horisontal  lia^^ 
represents  the  part  of  the  country  in  which  sleeping  sickness  i^ 
raging — that  is  the  sleeping  sickness  area.  And  first  let  u&  consider 
how  the  disease  was  iutroduced  into  the  country.  There  art 
variona  theories  in  regard  to  this.  It  is  quite  impossible,  in  aij 
opinion,  that  the  diseaeo  could  havo  been  indigenous  in  the  oouotrT, 
None  of  the  chiefs  or  missionaries,  who  have  been  many  years  in  £li<J 
country,  ever  eawr  a  case  of  the  diseaso  before  the  year  1901.  hi 
April  of  that  year  the  Drs,  Cook,  Medical  Missionaries  at  Kajniwla. 
reported  the  first  case. 

It  first  broke  out  in  the  part  of  the  country  lying  to  the 
called  Buaoga.     Dr.  MoflGatt,  C.M.G.,  the  Principal  Medical 
of  Uganda,  is  of  opinion  that  the  disease  was  introduced  into 
part  of  the  country  when  Emin  Pasha's  Sondaneee  and  their 
and  followers,  numbering  some  10,000,  were  brought  iuto  and 
in  Bofioga.     Those  natives  were  brought  from  the  edge  of  the 
territory  lying  to  the  weat^  and  therefore  from  a  country  in 

Notts. — ThQ  mnpfi,  tiible#  and  illustmtinaH  in  this  i>aper  are  taken,  witkl 
I>ermi8»ion  of  the  Roynl  &.]clety,  from  the  Fiirtht^r  Report  on  Sleeping  $k 
in  U^^atida.  by  Lieul--Col,  David  Urnce,  U.A.M.C.  F.E.S.,  David  Kftbami.ltP' 
II  nd  Capt.  E.  D.  W,  Greig.  I.  M.S.  (Harrison  &  Sou  a,  Londau). 

The  illuatrAtioLia  Bhowing  tha  pamsitea  hire  been  kindl}'  l^nt  by  the  *  Brili^ 
Medical  Journal.* 
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sleeping  sickneas  has  been  endemic  for  an  utikuows  time.  It  seems, 
tbeti,  quite  probnble  that  some  of  tbese  uatiTefl,  brougbt  iu  with  tbe 
remains  of  Emin  Pasba's  expedition,  may  have  brought  the  disaoee 
into  Bu&Qga,  and  that  from  thia  focus  it  slowly  spread  to  tbe  neigh* 
bouring  population.  Be  that  aa  it  may,  ihe  dieeaae  broke  out  in 
thiB  part  of  the  conn  try  eume  time  between  1896^  according  tu 
Br.  Ho4igea»  and  1901,  when  the  disease  was  definitely  diagnoBod^and 
in  a  dhort  time  reduced  a  populoue  and  richly  cnltirate^  country  to  a 
depopulated  vvildemcBa. 

Non.\  having  di^cuBfied  the  introduction  of  sleeping  sicknese  into 
Uganda,  let  me  for  a  feiw  minutes  ilraw  your  attention  to  the  disease 
itselC  Sleeping  aicknesB  is  a  curious  disease,  aud  ib  esaentialty  a 
disturbance  of  the  functious  of  the  brain*  A  slow  chronic  inflam- 
matory process  takee  place  in  the  brain  subttance,  which  after  a  time 
gives  rise  to  the  peculiar  symptoms  of  the  disease.  But  for  a  long 
time,  sometimes  years,  the  preliminary  symptoms  of  sleeping  sick- 
nets  may  be  of  so  slight  a  character  that  no  on^  suspects  there  is 
anything  wrong*  That  is  to  saj^  the  sleeping  sickness  patient  may 
go  about  doing  his  ordinary  work  for  years  without  his  friends 
noticing  there  is  anything  the  matter.  But  gruduully  a  slight  change 
in  his  demeanour  becomes  evident ;  he  is  less  inclined  to  exert  him- 
self ;  he  lies  about  more  during  the  day,  and  at  loet  his  intimates  boo 
tbat  he  has  the  first  symptoms  of  this  absolutely  fatal  malady. 

The  face  is  sad,  heavy,  dull -eyed  and  apathetic.  The  man  iti,  how- 
ever, well  nourished,  and  thia  is  the  rule  if  the  patients  are  well 
Dursed  and  fed*  If  you  examine  the  man's  pnlsej  you  find  it  rapid 
Rud  weak.  If  you  ask  him  ta  hold  out  bis  hands,  yuu  find  that  they 
are  weak  and  tremulous.  When  asked  to  walk^  his  gait  is  weak  and 
nncertain.  When  he  answers  a  question,  his  voice  is  weak,  indistinct 
tmd  monotonous.  The  symptoms  gTHdually  deepf^n,  and  after  several 
months  the  patient  is  unable  to  walk,  unable  to  speak,  and  unable  to 
fc^ed  himaell  He  is  then,  of  course,  altogether  cun fined  to  his  beil, 
lying  in  an  absolutely  lethargic  condition  all  day  long.  It  is  in  this 
stage  that  the  sick  are  often  neglected  by  tbeir  frienda:  they  remain 
unfed,  and  become  emaciated. 

In  regard  to  other  symptoms,  it  may  be  montionoil  that  during 
the  illnesE  the  temperature  has  shown  some  elevation  of  an  irregular 
dmracter,  often  normal  in  the  moniing  and  rising  tu  102"^  or  so  in  the 
evening.     (Fig.  2.) 

Here  you  see  the  irregular  course  of  the  fever,  and  also  tbat 
during  the  IcLst  few  weeks  of  life  the  temperature  falls  several 
degrees  below  the  normal  Une^  showing  the  gradual  extinction  of  the 
vit&l  forces. 

This,  then,  is  a  short  description  of  this  peculiar  disease  called 
sleeping  sitknesB  ;  and  now  the  question  arises,  what  is  it  that  catifien 
this  peculiar  disease,  and  gives  rise  to  tlieie  curious  symptoms  ?  I 
may  pass  over  without  notice  the  various  theories  which  have  been 
held  up  to  the  present  time  to  account  for  this  dbeaae^  and  ask  your 
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Ettention  to  wh^t  is  revealed  on  a  oarefiil  microscLipical  e culmination 
of  tbe  blood  of  tbese  cases.  If  the  blood  from  a  case  of  sleepmi; 
flick  11  ens  is  examined  under  a  high-power  microgcope,  an  active, 
wfiggling  pai*aftite  may  b©  seeo,  which  is  known  by  the  name  of  tiy- 
panoaome. 

Hero  (Fig.  3)  is  &  representotioo  of  the  trypanoaome  found  in 
sleeping  sickuess. 

These  blood  parasites  belong  to  the  lowest  group  in  the  animal 
kingdom,  yIx,  the  protozoa.  The  tryponosom©  coDsiets  of  a  single 
coll,  and  in  its  beet  known  form  is  a  stnuousj  worm-like  creaturo, 
prtivided  with  a  maortmuclons  and  a  micronilcloES,  a  long  tejmimd 
flagellum,  and  a  narro^-r  fin4iko  membrane,  cantinuous  with  tbe 
flagellum  and  running  tbe  whole  length  of  the  Ixidy.  When  alive 
it  is  extremely  rapid  in  its  motions^  constantly  dashing  about,  and 
lashing  the  red  blood  corpuscles  into  motion  with  its  fiagellum.  It 
swims  equally  well  with  either  extremity  in  front. 

Among  the  first  to  draw  attention  to  these  blood  parafiitee  \us 
the  Iftto  Surgeon-Major  Timothy  Lewis,  P.H.S,  B.A.M.C, ;  he  dis- 
covered a  trypanoBome,  in  1888.  in  the  blood  of  rats  in  Indiii,  to 
which  was  afterwards  given  the  name  of  Trypanosoma  LemsL  This 
rat  trypauosome  is  found  all  over  the  world,  and  even  in  Uganda 
the  blood  of  the  ordinary  common  wild  field  rat  was  often  ioami 
to  contain  myriads  of  thoBo  creatures.  This  trypano&ome  does  uoi 
a  I  pear  to  do  any  great  harm,  or  to  have  any  effect  on  the  health  of 
tbe  rats.  The  neit  important  trypanosome  was  found  olso  in 
India,  in  the  blood  of  horses  suffering  from  aurra.  This  diseasej 
surra,  is  closely  related  to  the  tsetse-fly  disease  of  South  Africa,  or, 
as  it  is  called  by  the  natives,  nagana. 

Tbe  trypan osome  which  causes  tsetse-fly  disease  lives  in  the 
blood  of  tbe  wild  animals,  such  as  the  buffalo  and  Yarious  antelopei, 
without  evidently  interfering  with  their  health,  but  when  trans* 
f erred  by  the  tsetse  fly  from  the  blood  of  these  animals  to  that 
of  the  domestic  animals,  it  causes  tho  death  of  the  latter.  Almost 
all  the  domeBtio  animals  are  highly  susceptible  to  nagana,  especiallj 
bor&GS,  doge  and  cattle,  and  even  monkeys,  but  curiously  enoti^ 
man  himself  is  insusceptible. 

But  now  let  ns  return  to  our  eiamiuatiou  of  the  blood  of  cases  of 
sleeping  sickness  (Fig,4),  The  method  of  examination  is  simple:  10  c«* 
of  blood  are  drawn,  by  means  of  a  hollow  needle,  from  cue  of 
the  veins  of  the  arm,  and  tijis  is  then  contrifuged  to  get  rid,  as  hi 
as  possible^  of  the  red  blood  corpuscles.  When  this  has  been  doae 
the  clear  fluid  is  decanted  o&  and  again  centrifuged^  and  (kt 
sediment  now  resulting  is  subjected  tcj  mtcroseopical  exHminatiou. 

I  draw  your  attention  to  this  table  giving  the  result  of  t^^ 
examination  of  sixteen  cases^  and  here  you  And  that  tn  every  ca&e, 
with  the  exception  of  oue,  this  trypanoeome  is  found.  In  idl 
pro  liability  it  would  have  been  found  in  this  case  if  there 
hod   been   an   opportunity  for   further   examination,    but    the  maa 
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D«t«. 

Name. 

Sti. 

A«r. 

DiiratloD<vf 

TtTpUHHIIU. 

1903 

Afiril  16 

Benjamlni 

E*ak&       

Male 

28 

1ft  itag« 

Fnniit 

.      18 

28 

ut^T 

«       18 

WaiBwa    ..      ..      .. 

ft 

10 

u%    ^ 

T* 

.      18 

EldQTJBB 

tf 

20 

2nd     „ 

» 

.      18 

Z«bugiinEa      .« 

ft 

40 

l>t      ^ 

« 

«      18 

Bud&Tu    .. 

T* 

22 

2nd    ^ 

Tl 

.      20 

Kimbm 

30 

Ind    „ 

,.      20 

Mg^tAtt 

24 

lit     „ 

•»» 

«      21 

Sm»      

25 

2«d    ^ 

Ab«eat 

„      22 

Wammtuia      ..      ., 

^ 

S2 

2.id    „ 

Pruetit 

«      22 

Eatrila     

M 

2S 

Iflt      „ 

„      27 

Ktiagoflft  ,.     ,.      .. 

w 

30 

iBt        „ 

** 

..      27 

Kitaroma       ,.     .. 

20 

ut     „ 

MuT  12 

NakaiU 

Fenmle 

a 

ut    „ 

.     12 

Muj»       „      „      ,. 

Mali^ 

20 

let      „ 

t-t 

«     12 

DiwamoR 

** 

u 

lat     „ 

4^ 

HBfortunately  died  before  the  trjpanosomes  had  been  discovered  in 
hU  blood. 

Bnt  there  k  another  fluid  in  the  body  which  ib  more  eadlj 
examined  than  blood  for  euch  a  smaLl  paraeite,  and  that  is  the 
eerebro-B).>tnEl  fluid. 

This  cerebrospinal  fluid  ib  %  clear  transparent  fluid,  exactly 
resembling  water  in  oat  ward  appearatice,  which  fiUs  the  variooa 
cavities  of  the  btuin,  aiid  sarrounde  the  Bpinul  cotd  bo  as  to  prevent 
daiQ&ge  to  these  delicate  organs.  It  U  easily  obtained  by  introdacing 
a  holIo^«'  needle  between  the  vertebne  in  the  larubar  region.  Tea  to 
fifteen  cubic  centimetres  of  the  fluid  are  drawn  off,  which  is  then 
oentrifuged  and  the  sediment  examined.  Ae  there  are  few  or  no  red 
corpuscles  in  the  fluid  to  interfere  with  the  viaton,  naturally  the 
actively  raovfag  trypaitoeomes  are  more  eoaily  detected. 

I  now  give  a  table  showing  the  result  of  the  ext&mination  of  the 
cerebro-epinal  flaid  cases  of  sleeping  siclmess. 

Here,  as  you  Etee,  forty  cases  have  been  examined  and  the 
trypanosomes  found  in  every  case.  This  is  rather  a  saggestive  fact, 
ft  ad  it  begins  to  appear  probable  that  these  parasites  omy  have  some 
eansal  relationship  to  the  disease. 

But  it  may  be  that  ttiis  trypanosome  is  a  mere  accidental  t^n^ 
comitant  of  the  dieeane,  living  in  the  blood  and  cerebro -spinal  fluid 
without  aflecting  the  health,  much  in  the  same  way  as  the  rat 
tryptXKMXimQ  lives  la  rate,  or  the  nagana  trypauosrime  in  the  wild 
•ninwli,  8o  it  may  be  that  natives  suffering  from  other  diseases 
also  harbeur  these  trypftuo^omes  in  their  cerebro- spinal  fluid.  To 
find  if  this  were  so  we  must  examine  the  cerebrq-spinal  fluid  of 
OAtiTM  who  come  iato  hospital  for  other  complaints  thaa  elc*e[>iug 
sioklMts*    This  was  don6|  with  the  result  that  none  of  the  patients  m 
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^Kaoj  iDiaiiifeet  BymptotnB  of  tbe  dbeaae^  Thie  aeems  to  be  an 
imix^rtaut  poiuti  because  if  this  trypanosome  is  in  reality  the  cause 
oi  sleepiug  fiioknesE^  a  certatu  proporlion  of  tha  natiTea  mhabiting 
tbe  sleeping  gickneBs  area  ought  to  harbour  theso  paraeites  in  therr 
bli>od«  On  the  other  hand,  if  this  pai-auite  la  the  true  cause  of 
tbis  disease,  then  no  native  living  in  a  nun-aleeping  siokueas  area 
ou^ht  to  harbour  a  single  trypauoaome  iu  his  blood.  It  vvill,  there- 
fore, be  interesting  to  examine  the  bloot)  of  natives  in  the  sleeping 
flicknesB  area  and  the  nou^sleepiug  Bickuess  area  of  Uganda, 
Further,  it  will  act  as  a  check  if  we  esamtue  natives  living  in  a 
Don-sleeping  art^a,  say  in  Nairobi,  iti  Briti&h  East  Africa^  whicb  is 
«iiu)e  huudredfi  of  miles  away  from  any  infected  place. 

Eighty  natives  from  tlie  sleeping  sicknefla  area  were  eiaminod,  with 
the  result  thut  twenty-three  were  found  Ut  bare  trypanosomes  in 
their  blo«jd,  giving  a  percentage  of  2B*7.  One  hucdred  and  seven- 
teen were  examiued  from  non-ftleeping  sickness  areafi«  but  not  a  single 
trypauoaome  was  found. 

You  will  a]l  agree  with  me  that  these  results  make  it  very  highly 
probable  that  the  tryi>aaoBome  under  discussion  is  the  real  eause  of 
this  disease ;  but  there  are  other  methods  of  adding  to  this  proof,  for 
example,  by  experiments  on  animals.  If  this  trypanosume  gives  rise 
to  symptoms  of  sleeping  sickness  in  one  of  the  lower  animals,  this 
will  be  a  great  addition  to  the  proof  that  this  parasite  is  the  cause  of 
sleeping  BickneMs. 

The  best  animals  procurable  in  Entebbe  for  the  purpose  of  animal 
experimentation  ore  monkeys.  The  infective  material  is  injected 
under  the  skio.  into  the  spinal  cnnal,  aud  also  into  the  cavity  of  the 
brain.  The  animals  show  no  symptoms  for  a  long  time ;  their  tem- 
perature remains  absolutely  normal,  and  they  appear  to  be  in  perfect 
health,  but  after  some  mouths  fever  of  au  irregular  type  sets  iu  ^nd 
the  animals  begin  to  shovv  symptoms  of  lethargy,  sitting  about  all 
day,  and  taking  very  iittle  interest  in  their  surround ings.  Towards 
the  end  tbey  sit  all  day  long  with  their  heads  bent  on  their  chests, 
apparently  asleep^  and  show  a  strong  resemblauoe  to  the  later 
symptoms  of  the  (iiseaBe  in  man« 

During  this  time  the  monkeys  show,  constantlyt  trypanosomes  iu 
their  blood,  sometimes  in  fairly  large  numbers* 

Therefore  it  is  shown  that  tlie  trypanosomeB  derived  from  cases 
of  sleeping  eickneis  give  rise  to  a  loug  chronic  disease  in  the  monkey 
with  symptoms  closely  resembling  tho«e  seen  iu  man.  From  these 
ftuimal  experiments,  taken  in  connection  with  the  other  obaervations, 
we  may  now  assert  that  theee  trypanosomes  are  the  oause  of  Bleeping 

■  •ickness, 

^M       1   now  pftM  on   to   the   **  distribution  of  sleeping  sickness  in 

■iJganda." 

^f  This  has  been  investigated  by  Dr,  Hodges,  one  of  the  Ugan^la 
Colonial  Siurgeous,  and  he  has  prepared  this  map  (Fig.  5),  which  dis- 
closes a  remarkabte  fact.    Sleeping  aicknes«  is  found  to  have  a  very 
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peculiar  fliBtfibation.  It  is  found  to  be  restricted  to  the  miimeroa^ 
islntiilB  wbick  dot  the  northern  part  of  tLe  lake,  and  to  a  narrow  belt 
(if  coimtiy  a  few  miles  wide  skirting  the  shores  of  the  lake.  lu  tn* 
part  of  Ugaiida  can  a  single  case  be  found  morc^  than  a  few  utiles 
from  the  lakes  shore.  This  part  of  the  country ^the  islands  and  the 
shore  of  thelnke^ — if,  however,  the  most  tbickly  populated,  there  beiujj 
hert^  a  population  of  more  than  100  to  the  square  mile.  In  this 
ar^a  since  1901  the  disease  has  raged,  und  many  places  have  becuiue 
depopulated. 

In  6uJ9oga,  where,  as  we  snw,  tbe  disease  first  broke  out,  cases  are 
found  further  inland  than  in  Uganda,  but  here  also  the  same  rult 
holds  guod.  As  Mr*  Cubbitt,  Assbtaot  Collector  in  Bnsoi^a,  wrute: 
"  It  would  seem  to  be  a  fairly  accurate  statement  to  make,  that  sh^ep- 
ing  sickness  confines  itself  to  the  territories  adjoining  the  iake* 
roughly  speaking,  from  a  ten  to  twenty  mile  radius  of  the  coiist** 
The  Uganda  Prime  Mintsteri  Apolo,  also  gives  it  as  his  opinion  that 
ji  strip  along  the  lake  shore,  ten  miles  broad,  wonld  cover  the  in- 
fected area,  and  that  any  cnsei;  faund  further  inland  are  alni^ye 
imported.  The  islands  have  been  specially  affected  by  the 
disease.  For  example,  the  Island  of  Biiruma  in  1901  had  a  popula- 
tion of  22,000 ;  in  1903  only  8000  remained  alive. 

Now  there  must  be  some  cause  for  this  peculiar  distribution. 
Sleeping  sicknesA,  evidently,  canufjt  be  due  to  a  food  poison,  as  has 
been  suggested^  mnce  the  people  living  outside  the  sleeping  sickueas 
strip  eat  the  same  food,  and  have  tbe  same  habits  as  those  living  oti 
the  lake  shore. 

Then  again,  we  have  found  that  the  canse  of  the  difie&se  is  a 
trypanoeouio,  a  blood  parasite,  which  is  not  likely  to  be  conveyed  in 
food  or  clothes,  or  directly  from  man  to  man,  but  most  probably  must 
be  carried  by  some  blood -suck  ing  insect. 

This  leads  to  the  question :  "  Does  the  distribution  of  sleeping 
sickness  in  Uganda  coincide  with  the  distribution  of  any  particular 
biting  inaect?  " 

Knowing  that  we  are  dealing  with  a  trypanosome,  and  knowing 
that  the  trypanofiome  of  uagana  is  carried  in  South  Africa  by  a  tsetse 
fly  {G,  mor^tans\  naturally  we  will  suspect  thut  the  trypanoeome  of 
this  disease  is  iJ&o  carrie<.i  by  a  tsetse  fly.  Now  on  the  lake  shore 
near  Entebbe  a  tsetse  fly  (G. palpalit^  Fig.  U)  is  found  in  large  nnnibers. 
This  may  be  the  insect  carrier  wo  are  in  seurch  of.  The  Prime 
Minister  and  Kegents,  on  being  consulted,  recognised  the  fly  ^  one 
known  to  the  Muc^anda  as  the  kivu,  and  said  it  was  found  along  tfa« 
shores  of  the  lake.  They  were  supplied  with  several  dozen  net*. 
killing  bottles  and  boxes,  and  on  their  i>art  promised  to  have  the 
distribution  of  this  fly  and  of  sleeping  sickness  worked  out.  The 
bishops,  missionaries,  and  Government  officials  also  promised  their 
assistance. 

During  June,  July  and  August  of  last  year  some  460  colleotion* 
of  biting  flies  were  sent  in  from  all  parts  of  Uganda*     As  enob 


Fro.  t!u—Olmnna  pnlp^h^  RoK  De&v..  S,     (K  3}>* 


Fig,  7-— a  TaetBti  fly  (Olmrnna  longipennU, CoviU  from  Nomftlibinl)  in  rwting 
itlitude,  aijowiiig  position  of  wiugs.    <  x  3^)  * 
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I»aekAge  cftm©  iti  it  waa  esuimined  for  tsetse  flies.  If  the  piireel 
coQtftiued  ana  or  more  tsetse  dies,  a  red  disc  wets  stuck  ou  a  large 
niiip  over  the  locality  frotu  which  the  flies  hud  been  fient.  If,  od  the 
other  hand,  no  tsetee  files  were  founds  a  bltie  diso  was  fixed  ov&r 
the  spui. 

I  In  the  same  ^viij  aud  at  the  snme  time  a  second  map  was  pre- 
|»ared,  to  show  the  distribution  of  sleeping  siokoess.  That  ir  to  say, 
if  the  note  ftccorapanying  tlie  collection  of  flies  stated  that  sleeping 
sicknesa  was  preyalont,  then  a  red  ciisc  was  placed  over  the  locality, 
and  if,  on  the  contrary,  nr>  cases  of  sleeping  Rickness  were  reported, 
a  blue  ilisc  was  afiised. 

It  ig  evident  that  two  maps  so  prepared  abonld  show  at  a  glance 
whether  the  dlstributifm  of  sleeping  sickneas  and  this  tsetse  fly  oor re- 
spond or  not 

The  accompanying  maps  are  prepared  from  these  two  maps.  On 
oomparmg  them  the  similarity  of  the  distrihutiou  of  sleeping  sick t loss 
and  Glosaina  paJpalU  is  self-evident. 

In  order  to  work  out  mora  niinntely  the  habits  of  the  QloBgina 
^taljmUMf  the  peninsula  on  which  Entebbe  stands  was  taken  in  dutaU 
aud  carefully  searched  for  the  fly. 

The  result  of  this  showed  tliat  the  fly  is  only  found  on  the  shore 
©f  the  lake  where  there  is  forest.  This  forest  is  thick  jungle  with  high 
trees  and  denat^  undergrowth.  The  fly  U  never  found  oti  open  saudy 
beaches  backed  by  grass  plains,  even  although  there  may  be  some 
«mall  scrab  near  the  water's  edge.  It  la  never  found  in  the  graaa  of 
the  grassy  pkinSi  even  tliuugh  the  grass  be  long  antl  tangled-  It  has 
not  been  found  by  us  in  banana  plantations,  and  not  at  any  time  far 
from  the  lake  shore. 

The  habitiit,  then,  of  this  fly  is  the  shore  of  the  lake  where  there 
is  forest.  In  Busoga,  on  the  other  hand,  it  appears  to  be  found 
further  inland,  but  what  the  physical  characters  of  this  province  are 
which  would  account  for  this  I  have  not  learaed.  The  ily  also  parses 
lio^vD  the  Nile  as  far  as  Kako^e  Perry,  aome  fifty  milea  north  of  the 
Kipon  Falls,  and  it  has  oven  been  received  from  Fiijao  on  the  Somer* 
set  Nile,  and  from  Tengri  and  the  Aohwa  Biver,  etill  further  north, 
and  near  Wadelai,  and  also  from  Luke  Alljert. 

It  is  important  tliat  tlie  distribution  of  this  fly  should  be  folly 
Worked  up,  but  enough  has  been  done  to  show  that  the  diatribntion 
of  this  species  of  taetae  fly  is,  like  sleeping  sickness,  confined  tu  the 
ahorf'B  of  the  lake  and  the  islands.  It  is  on  the  densely- wooded 
shore  of  the  lake  that  the  halt-naked  natives  of  the  mainland  tmd 
islands  meet  in  thousands  to  trade  in  fish,  bananas,  earthenware, 
etc.  If  the  Qhwrnna  palpaiii  can  act  aa  a  carrier  of  the  try pano some 
;0l  sleeping  slckDeaa,  the  oircum stances  could  not  be  made  more 
favourable  than  they  are  for  the  spread  of  the  diaease. 

The  neit  point,  tlierefore,  to  solve  is :  *'  Oan  this  tsetse  fly  carry 
this  trypanoaome  from  pereous  suffering  from  sleeping  siokneas  to 
healthy  animuls?" 
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Tha  best  animal  to  carrj  out  these  experimeiita  on,  of  course,  u 
the  moukey*  The  method  nsed  h  simply  to  feed  tsetse  fiies  on  » 
sleeping  eickneBS  case,  and,  at  varyiDg  intervals  of  time,  to  place  the 
Bame  cage  of  flies  ou  a  monkey.  The  sleeping  sickness  jiatiente  ^o 
not  seem  to  feel  the  bites  of  the  flies,  as  they  mi^ke  no  cozu plaints 
or  other  signs  of  inconTeoience.  It  is  convenient  to  have,  as  a  mU^ 
about  30  flies  m  each  cage,  bat  only  those  which  fill  thamsalTes  are 
to  be  reckoned  aa  having  fed. 

As  the  result  of  many  eiperimentSj  several  of  w^hioh  were  thrown 
on  the  screen,  it  was  shovrn  tliut  the  tsetse  By  is  capable  of  cony  eying 
the  virus  of  sleeping  sickness  from  the  sick  natives  to  healtby  mon- 
key e.  Those  feeding  eiperiments  were  made  at  various  iuterT&ls  of 
time,  and  it  was  found  tbat  the  tsetse  fly  can  still  give  rise  to  the 
disease  at  the  end  of  48  hours,  but  not  longer.  That  is  to  aay^  a  flj 
which  has  fed  ou  a  sleeping  sickness  case,  and  then  kept  in  a  c^ge 
without  further  feeding  fi>r  48  hours,  is  thus  capable  of  iransmitliiig 
the  disease  to  a  healthy  monkey,  but  if  kept  for  three  days  is  no  fl 
longer  capable.  " 

This  proves  that  this  tsetse  fly  can  convey  the  infection  ftom 
the  sick  to  the  healthy.     But  as  28  per  cent,  of  the  natives  of  the  _ 
sleeping  sickness  at  en  have  this  trypanosome  in  their  blood,  doubt-  ■ 
less  the  tsetse  flies  canght  in  this  area,  which  feed  on  these  native ^^  ™ 
will  he  able  to  convey  the  disease  to  a  healthy  animal  without  an; 
artificial  feeding, 

A  further  eet  of  e^rperiments  was  therefore  made  to  show  tbat  the 
tsetse  flies  caught  ou  the  lake  shore  were  already  iufeGtive»  &oiu 
having  fed  on  the  natives  liviug  along  the  shore.  Cugea  fnll 
of  the  freshly  ctiught  fli^s  were  straightway  placed  on  health j 
monkeys,  and  after  some  days  the  examination  of  these  ntionkejj^ 
showed  tbat  they  bad  become  infected  with  sleeping  sickness. 

This  then  coneladee  the  story  of  sleeping  sickuesa  in  Uganda. 
W©  have  seen  that  probably  this  disease  was  introduced  from  the 
Congo  on  accouut  of  the  greater  movement  of  nativtis  under  the 
march  of  civilisation  and  the  Pax  Britannica.  We  have  seen  tbat 
the  disease  is  caused  by  the  entrance  into  the  blood  of  a  protozoal 
parasite^  and  that  the  infection  is  carried  from  the  sick  to  the  benlthy 
by  a  species  of  tsetse  fly.  We  have  seen  that  the  distribution  of  this 
fly  4X»r responds  witb  the  distribution  of  the  disease.  Where  there  is 
no  fly  there  is  no  sleeping  sickness.  In  other  words,  we  ar^  dealing 
with  a  human  tsetee  fly  disease. 

[D.BJ 
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WEEKLY  EVENING   MEETING, 
Friday,  April  29,  1904. 

3m  William  Crookks,  F.  R,9,,  Honorary  Secretary  and 
Viee-Pruiidentj  in  the  Chair. 

Westmiimter  Abbey  hi  the  early  part  of  the  Seventeenth  (kntury^ 

Bt  trk  DeAN  OF  Wkb-tminsteb. 

Thi  most  conspicuous  of  the  ehnrclimen  who  helped  to  make  English 
history  in  the  first  half  of  the  seventeenth  century  had  nearly 
all  been  connected  at  eonae  period  of  their  Htob  with  WestmitiBter 
Abbey.  Andrews  and  Neile  were  STioceasiTely  Deans;  Williams 
and  Land  were  together  as  Dean  and  Prebendftty ;  Hoylyu,  Laud*8 
biographer,  who  wrote  the  Church  history  of  the  period  slh  we  still 
read  it  to-day,  was  a  Prebendary;  and  Racket,  the  biographer  of 
Williams,  who  wrote  it  from  the  opposite  piJint  of  view,  as  no  one 
cares  to  read  it  now^  bad  gone  up  to  Cambridge  as  a  Westminster 
scholar  in  1603,  together  with  bis  schoolfellow,  the  delightful 
George  Herbert.  The  story  of  thoir  times  has  been  ofteo  told,  and  I 
have  no  claim  to  tell  it  afresh.  The  story  of  the  Abbey,  too,  is 
accessible  to  all  in  Stanley's  brilliant  pages,  and  in  the  more  recent 
'■  Annals '  by  which  our  late  Uean's  daughtor  ha»  admirably  supple- 
mented that  unique  book.  I  havtj  gleaned  where  they  have  alr^y 
reaped :  but  the  gleanings  of  sttch  a  history  as  ours  are  not  to  be 
neglected ;  and  it  has  seemed  worth  while  to  piece  together  a  nnmber 
of  hilherto  unnoticed  facts,  inserting  a  well-known  story  now  and 
then  in  the  hope  of  giving  i\  little  life  to  what  might  otherwise  be  a 
duU  picture. 

We  Tuu^t  of  necessity  begin  by  seeking  an  inirodaetion  to  ihe- 
eiirly  Deans.  In  the  first  year  of  the  century  the  Uean  was  a  very 
aged  man.  The  Right  Worshipful  Mr,  Gabriel  Goodman,  Doctor  of 
Divinity  (to  give  him  his  title  as  it  appears  in  contemporary  docu- 
ments), had  been  Dean  for  forty  years*  He  hod  in  1561  succeeded 
Dr.  Bill,  Queen  Elizabeth's  first  Dean,  who  had  saccnmbed  after  a 
year's  endeavour  to  preside  sinjultaueously  oter  three  of  the  greatest 
educational  establishments  in  England,  as  Master  of  Trinity,  Provost 
of  EtoHj  and  Dean  of  Westminster.  Dr,  Bill's  memory  was  oUerisbed 
iu  Westminster  School  for  many  generations ;  for  in  1622,  siity-one 
years  after  hts  deaths  the  Treasurer's  accounts  contain  the  entry  of  a 
stim  *  paid  to  Thomas  Brering  for  mending  the  scholor's  coverletta 
given  by  i>octor  Bill  sometyme  Deane  of  this  C^liedge.' 

But  we  are  now  concerned   with   Dr.  Goodman,  who  specially 
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iDtei^Bte  me  as  a  m&iober  of  my  own  College,  baTing  been  a  Fellow 
of  Cbrist's  from  1652  to  l^M ;  who  moi'eover  owed  hie  place  aa  a 
Prebendary,  ae  I  owed  mine,  to  the  heacl  of  the  great  house  of  Cecil  * 
ami  who  afterwards  as  Dean  had  Ltird  Burleigh  a8  his  Lord  High 
Steward,  as  it  is  my  good  fortnne  to  have  the  Marqais  of  Salisho^ 
ti>day.  I  fihould  wiBh  to  linger  on  Dean  Goodman,  who  tnnst,  1 
think,  have  been  a  lovable  man.  The  Abbey  oweti  to  him  its  Dew 
organifiatton  as  a  CoUejzc  of  Prebendaries,  inclad in g  a  famone  school : 
and  I  cannot  refrain  from  quoting  an  extract  from  a  letter  which  he 
wn^te  to  L«rd  Bnileigh  in  reference  to  the  project  of  the  new 
fitatntes  in  1577:  'I  beseech  your  honour  that  there  may  be  thit 
moderation  n^ed,  which  may  be  most  convenient  for  all  in  respect. 
Hitherto  I  and  the  company^  I  thank  bod,  have  Agret^d  very  brotherly 
with  great  quietnefls,  as  any  soch  company,  I  hope,  I  would  lie 
&crrj,  if  by  seeking  to  better  things,  diBseneion  ahould  grow  to  no^ 
quietneas,* 

But  we  must  leave  Dean  Goodman  who  is  really  a  survival  from 
the  last  century,  ari(i  who  will  be  buried  in  St.  Benet'a  Chapel,  neir 
Dean  Bill,  before  the  year  has  half  run  its  conrse.  His  successor  will 
again  be  sought  among  the  Prebendaries,  and  will  again  he  » 
Cambridge  man,  as  indeed  all  the  Deans  were  for  the  first  hundred 
years,  Xtancelot  Antirewes,  master  of  fifteen  languages,  the  wittj* 
conrtier,  the  prince  of  preachers,  and  one  of  the  saintUest  names  of 
the  English  Chnrch,  had  been  a  Prebendary  for  four  years,  when,  on 
the  nomination  of  the  Lord  High  Steward ,  as  was  the  cnstom  of 
tljose  days,  he  was  apjiointcd  Dean.  I  find  by  certain  lists  of 
preaehei^  at  tho  Chajvel  Koyal^  which  have  somehow  strayed  into  oar 
muniment  room,  that  with  Andrewee  began  the  tradition,  wbich  still 
remains  in  force,  in  accord^) oe  with  which  the  Good  Friday  sermon  at 
St.  Jamea's  is  preaehed  by  the  Desn  of  Westminster.  His  memory 
16  preserved  at  the  Deanery  hy  a  curious  old  portrait  on  wood,bj 
the  coloured  glaes  in  the  Jericho  parlour,  and  by  the  wainscot  there 
and  in  the  room  above.  In  1605,  after  giving  as  nine  of  the  best  years 
of  his  life,  he  became  Bishop  of  Oliidiester  ;  but  he  never  forgot  to 
pray  for  to  iTnltfj^vfuov  fxo^afTTtjptoVf '  the  West  Monastery/  as  be  caDs 
us  in  bis  famous  book  of  devotions. 

Our  new  Dean,  Kichard  ^eile,  was  installed  on  that  notorious  day, 
the  original  *  Fifth  of  November/  He  presented  a  striking  contnui 
to  the  refined  and  graceful  scholar  whom  he  succeeded ;  he  hid 
forced  luB  own  way  up,  and  was  a  clumsj',  though  a  pttwerful  court i«t« 
We  see  the  two  ex-Deans  at  a  later  period  staudiug  by  the  chair  of 
King  James,  who  knew  the  good  points  of  each  and  trusted  botli 
'  My  Lord,'  said  the  King, "  cannot  I  take  my  subjects'  money  withoni 
all  this  formality  in  Parliament?*  Meile,  now  Bishop  of  DurhttBO, 
replies  :  *  God  forbid,  Sir,  but  you  should ;  you  are  the  breath  of  out 
nostrils.'  Tho  King  turns  to  Andrewes,  the  Bishop  of  Wincheetef, 
*  Well,  my  Lord,  what  say  you  ?  '  *  Sir,  I  Lave  no  skill  to  judge  «i 
parliamentary  causes/    '  No  pnt-ofls,  my  Lord  ;  answer  me  prefieutlj/ 
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*  Tfaeo,  Sir,  I  tbink  it  lft^vfaI  for  jou  to  take  my  brother  Neile's 
money,  for  he  offers  it.' 

Rieli&rd  Neile  was  a  Weatmitjster  boy,  when  the  famooa  William 

Cftmden  was  our  g^cond  master.  HiV  father  was  a  tallow-cbaodler  in 
King  Street.  Dean  GUKximan  paw  the  lad'e  abilities,  and  sent  him  to 
Cambridge  in  1580,  An  tiukuowB  benefactor  (it  waa  the  Lady  Mil- 
droti,  Lord  Bnrieigh'e  learoed  wife)  had  jnat  given  scholarslups  to 
St.  John'fi  College,  the  holders  of  wfaiolt  were  to  be  caUed  Dr,  Ckjod- 
inan's  Bcholars.  But  for  this  bounty,  says  Neile,  ^  I  thinke  I  shDolde 
uever  haTe  bin  sent  to  the  UniTersitie,  but  that  the  best  of  my  Fortnne 
(Tontd  have  bin  to  ha¥6  become  some  BookeseUers  apprentice  in  Paulas 
Chnrcheyard  :  To  which  Trade  of  life  Mr.  Qrante  then  Sohoolemast^r 
here  persuaded  my  Mother  to  have  disposed  of  mee.'  His  gratitude, 
when  he  returned  to  live  here  as  Dean,  was  expressed  by  his  sendtTtg 
up  two  or  three  boys  to  the  University  every  year. 

He  made  an  admirable  Bean,  busy  and  bnsiness-Uke»  patting  the 
college  estates  and  oecounta  into  order,  repainnf;  Henry  Vll/s  Chapel, 
even  mending  the  wax  efSgies  of  the  kings.  He  must  have  kept  morti 
state  than  his  predecessonK  for  he  found  his  house  \ajo  small^  and 
built  li  i^uaint  Hitle  chamber  on  the  top  of  the  long  wooden  gallery. 
He  also  built  ^  for  the  Deanes  use  a  large  Stable  snMcient  to  receave 
14  or  16  Geldings,*  wbicb  with  the  coAchbouee  and  other  rooms  cost 
the  immense  sum,  for  those  days,  of  100^*  But  though  he  spent  boldly 
in  every  direction  his  good  mftnagemeut  largely  increased  uur 
revenues,  which  not  long  before  had  been  exceedingly  scanty.  He 
made  William  NeUe,  his  elder  brother,  n  kind  of /ad(?^«ni,  giving  him 
various  lay  jiosts  in  the  college.  Their  father  Paul  had  died  six 
years  before  Richard  went  up  to  Cambridge,  and  Sibili.  their  mother^ 
after  lesa  than  a  twelvemonth  became  Mrs.  Newell,  Her  son  H<:)bert 
Newell  was  presented  to  the  Abbey  living  of  Islip  in  1601:^,  and  he 
became  a  Prebendary  in  1620.  So  the  good  Dean,  like  all  idhers  uf 
his  time,  *  provided  for  his  own/  He  arranged  moreover  that  his 
mother  should  lie  in  the  great  north  porch :  and  at  his  very  last 
Chapter  meeting  he  secured  a  remarkable  testimonial  for  himself  and 
his  wife  in  the  shape  of  a  grant  of  a  small  pew  behind  the  pulpit  for 
Mrs.N6ile'8  nse  when  she  might  happen  to  be  in  Westminster,  and  a 
key  for  himself  to  the  seat  where  the  lessons  were  rend  in  the  ch'dr. 
He  WM  evidently  reluctant  to  sever  his  connection  with  the  gri>at 
ciiimjh  which  he  had  served  so  well ;  and  it  is  interesting  to  find  him 
back  again  two  years  after  he  had  ceased  to  be  Bean,  with  a  special 
mandate  from  the  King  for  the  removal  to  the  Abbey  of  the  body  of 
Hary  Queen  of  Scots. 

He  was  with  us  tive  years,  in  the  last  two  of  which  he  was  Bisho^i 
of  Rochester  as  well*  He  then  left  us  to  climb  the  ladder  of  pre- 
ferment as  Bishop  succossiTely  of  Lichfield,  of  Lincoln,  of  Durham,  of 
Winchester ;  dyiug  at  seventy-eight  ns  Archldshop  of  York,  just  a 
couple  of  days  before  the  Long  Parliament  met^  and  the  deluge  began. 
He  was  a  good  church man»  and  we  ghall  hear  of  him  again,  for  he 
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wn£  the  making  of  his  chAplftin  Lftud^  for  whom  he  obtained  tbe 
promifie  at  a  prebend  in  the  year  that  ho  cea&ed  to  be  BeaD.  The 
hvo  men  had  both  rieen  from  the  ranks,  and  the  son  of  the  tallow- 
ch^indler  of  WeBtmiaster  was  the  etcadfast  patron  and  the  lifelong 
friend  of  the  son  of  the  cloth-merchant  of  Raiding,  The  next  Dew» 
was  George  Montaigne  (or  Monntain),  who  came  to  ns  at  the  end  of 
1610.  He  leftns  fortheBispboricof  Lincolo  in  1617,  but  his  affec- 
tion for  the  neighbonrhood  of  the  Coort  seems  to  have  led  him  to 
rent  a  prebendal  honse  and  spend  a  large  sum  of  money  upon  it^  as 
we  shall  me  later  on.  This  feature  of  his  somewhat  unattractive 
character  reappears  in  the  story  by  which  he  is  best  remembeied. 
He  had  come  back  to  be  Bishop  of  London  in  1620.  Eight  yeftr^ 
later  King  Charles  wished  to  transfer  hira  to  Durbaui,  in  order  lo 
bring  Laud  to  London.  But  the  Tiioiintain  refiused  to  1>e  mo7ed,  aitil 
yielded  at  last  only  on  the  nnderstauding  that  the  tttmo^t  of  hie  re- 
moval should  be  *  from  London  House  in  the  City  to  Durham  Hoaee 
in  the  Strand.'  As  a  matter  of  fact,  the  death  of  the  Archbbhop  of 
York  provided  him  with  a  yet  more  honourable  and  less  remote  see. 
When  Dr.  Mountain  left  us  in  1617,  that  curious  adventurer  tiit? 
Archbiehop  of  Spalat^s  hoped  t*5  have  got  his  place,  but  it  was  giwn 
to  Dr.  Tolson  (or  Tonnson).*  In  those  days  the  Denn  was  accas- 
tomed  to  grant  diepensatione  to  parishioners  of  St  Margaret^  whioli 
WAS  then  under  his  e^qinsive  jntisdietioii^  Dt,  Tonus od  used  to  baod 
the  fees  received  for  these  dispenaations  to  the  parish  overseers  for 
distribution  to  the  poor.  Their  receipts  for  161^  include  finch  items 
as  this : — 

Of  the  rigfht  worll.  Mr.  EK^tr  Touilbod.,  Deane  of  Westta.,  fur  Hoeaie  by  hiiu 
made  to  eatc  Fleahe  in  Um  t^nt  Aeasom  rideltcet : 

Of  tbe  Bight  binorable  Lord  Pag«tt  fur  a  lieewse  .  .  .  xxvi*  vlii* . 
[Kiiigbia  and  Lsdiefl  paid  13k.  id.  iuad  c^mmouen  &.  8«j. —  We$im.  Eeeord*^  p.  ^*l 

One  of  his  latest  exploits  as  Deaii  was  to  forbid  *  ladies  in  yellow 
ruffs  to  be  admitted  into  his  Chui'ch.*  It  appears  that  he  had  mis- 
understood a  wish  expressed  by  King  James  in  this  regard.  A 
fortnight  later  ho  left  ns  for  the  Bishopric  of  Salisbury  ;  but  he  die*! 
the  next  year,  and  the  case  of  Mrs.  Tounson  and  her  lifieeu  children 
was  so  piteous  that  her  brother.  Dr.  Davenont,  wfvs  appointed  to  tk 
vacant  see.  Vet  Mrs,  Tonn^on  cannot  have  been  penniless^  for  id 
1624  I  tind  a  lease  granted  to  '  Margaret  Tounson  of  Sarnm,  widow,' 
of  the  Ancro*B  House,  called  after  the  old  anchorite  of  WestminsteTt 
which  abutted  on  the  south  side  of  St.  Margaret's  chancel.  Thert»  i» 
a  Chapter  Order,  however,  which  forbids  her  to  eject  the  curate,  ih 
famous  Dr.  Isaao  Bargrave,  afterwards  Dean  of  Oantei'bnry^ 

For  the  nt^xt  twenty  years  Westminster  Abbey  was   to   pLiy  i 
notable  part  in  English  history^  for  John  \\  illiams  came  as  Dean  h 


•  The  iiucertfiinty  of  tbe  name  is  expLimed  when  we  diacovei- thftt  his  futNr* 
name  vaa  ToulufflDun  (Ch^gster  'Begiatere^'  p.  117)> 
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July  1620,  Eind  William  Laud  as  Prebendarj  in  Jan.  1621.  I  conoera 
myself  only  with  them  as  they  appear  ae  figures  en  our  demestic 
fitage.  At  the  age  of  sii teen  Williams  had  catered  St.  John's  College, 
Cambridge ;  at  the  same  age,  but  didb  jeare  before.  Laud  had  entered 
St.  John's  College,  Oxford.  Williams's  friend  and  biographer  was  a 
Cambridge  mau,  John  Hacket:  Laud's  wm  an  Oxford  mau,  Peter 
Heylyu.  W^illiams  wae  prometed  early ;  be  was  Deau  of  Weetniinster 
at  'thirty-nine.  Laud  was  promoted  late ;  and  embittered  thereby ; 
he  was  Preb<iudary  of  WestmiDster  at  forty^ight^  and  there  is  a  trace 
of  difisatisf action  in  ihe  entry  in  his  Diary :  '  Haying  had  the 
advowson  of  it  ten  years  the  November  before.'  The  rivalry  of  these 
two  able  men  came  to  be  an  important  element  in  the  history  of  their 
time  t  they  both  sought  Canterbury,  and  they  ended  one  at  Canterbury 
and  the  other  at  York.  There  is  one  piece  of  paper,  and  perhaps 
only  one,  which  contains  their  auto  graph  b  together,  before  they  had 
arrived  at  episcopal  signatures*  Laud's  first  Chapter  IVfeeting  was  on 
May  4»  1621,  and  the  following  Order  is  signed  at  the  top  by  '  John 
Williams '  as  Bean ^  and  at  the  bottom  by  *  William  Laud  '  as  ihi^ 
junior  of  the  Prebendaries : — 

^1  II  ii  tileo  eooaenied  unto  in  full  chapter  md  now  itrdefed  and  decreed  that 
Mr.  Deane  of  Westmiuatej-  and  the  Prffibendariefl  resident  here  or  a«  m&nf  aa 
he  ihail  call  to  the  nomber  of  nix  ehnll  have  full  mwn  .  ,  .  to  th«  alU'riug  u( 
a  Itmam  nnw  taken  in  traet  for  the  gn^jd  of  the  aAUhg.  in  the  nama  of  Mr.  Ellis 
Wynn ;  and  any  other  thinge  or  thl»|teB»  concerning  the  quieting  of  a  contrct* 
▼ecije  like  to  prove  a  suite  in  law,  about  an  hvum  for  Mr.  Dr.  Laud,  Deati  uf 
Okoeafcer,  belouje^ing  to  him  At  Prsbeudary  of  this  chnrche,  and  tlie  which  he  l* 

I       dfapotmsed  of,  «rbkh  wo  hope  to  end  i»  ^leaceable  and  quiet  manner.  .  . 

P  Before  Laud  signed  another  Chapter  Order  he  had  become  Bishop 
of  St.  Davids,  and  %vrote  himself  Guil:  Memvevs,  His  rival  had 
attained  far  greater  distinction*  When  Lord  Keeper  Francis  Bacon 
w«a  eiacted  from  bis  office  for  scandalous  praoticea,  King  James  pro- 
teetea  that  '  he  would  have  a  clergyman ;  he  would  have  no  more 
lawyers,  for  tbey  are  all  so  nursed  in  corruption  that  they  cannot  get 
away  from  it/  So  he  chose  the  Bean  of  Westminster,  who  had  boen 
Chaplain  to  Lord  Keeper  Egerton.  When  the  Lords  objected  that 
they  were  to  have  over  them  a  man  who  was  not  one  of  themselves, 
the  King  made  him  Bishop  of  Lincoln,  with  a  special  license  to  retain 
the  Deanery  of  Westminster. 

We  are  now  ready  to  read  the  Chapter  Order  of  December  4, 
1622:— 


m 


II  ie  ordered  and  decreed  bj  e«>mmon  consent  of  tbu  Right  reverend  Father 
in  Gild,  the  Lord  Bi&bop  of  Lincolne,  Lord  Keeper  of  the  great  i^le  of  Eoglivnd. 
j$.Wtd  Dennft  nf  the  O^tlk^nate  churche  of  St,  Peter  in  Weetiu.,  and  the  cbtipter  f^f 
•ame,  whereiii}  tor  the  rej^niuin^  of  otit*  of  the  Prebeiidariea  hou»e«,  iitufttr 
St  Mar gart*t 'ft  church e  yard,  lately  Id  the  p-»e$€iflion  of  Dr.  Bulkeley  Prie betid ary, 
nd  »mw  deniiised  by  lenae  unto  Williom  JIan  Gent.,  to  the  uwu  of  the  Lord 
Dishfip  ot  Ix>nd«»ii  then  Doants  of  Wcbtm  .  the  lorn  ot  20Uli.,  wns  to  bo  r^piiid  tu 
ihti  Ml  id  Biflhop  of   London  in  oontidertition  af  hia;  chnrgcB  expended  in  re^ 
pairing  tbe  6n\a  himgt,  thnt  the  snm  of  ICOi'i.  ihunld  be  poid  by  ibe  Lord  Biibnp 
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or  @t  D>Ti&  iAt«g&td  of  bit  enioiBf  tte  iud  botae,  io  rewind,  fl«d  that  IMC 
uom  ■bonkllie  pkied  bf  ^  DMttfr  ftad^ftpler:  «r  «ldcb  mb  lke»  Dbkm tri 

ftt  tbt  two  tibiaStsn  lust  otfun^,  lij « 

tlw  Deane  aa^^Aptar  afisenid,  tlut  tlie  a^  Lord  mih0p«r  St.  Obv^  fai  »i- 
riier&tiriD  of  Ids  caiiTfe*.  And  mony^  diiboiwd,  ilkill  Meeive  hf  Mmtmtll,  w  toi 
EieeQton,  tli^  inun  of  HAf*^  to  be  repaid  to  him^  bf  htt  next  BBoraanr  In  tlie  mM 
bofue  imd  Prebend,  .     . 

Fr&m  tlieee  Ordem  it  would  Appear  tlml  tbe  junior  Prebeodux 
wtf  aofiiewbfti  of  »  ttormf  petrel  &t  his  first  e  a  trance  AEi^otigst  m. 
To  tmdetstktid  the  position  we  tnuEt  stndf  eoine  hitherto  nnwri^n 
pagee  of  onr  domestic  histoiy.  Ab  late  ag  1740,  when  by^  the  aid  of 
a  grant  from  Parliameot,  the  die  was  deared,  there  were  two  pre- 
liendal  houseB  on  the  north  side  of  the  nave,  and  three 
tenements  between  tbem.  The  artists  hmTe  alwars  dieapproTed 
tkeni}  and  eveiy  picture  that  1  ha^e  been  able  to  tin d  shows 
as  clear  as  it  is  to^y.  But  the  one  which  interests  ii$  mo6t, 
the  boose  nearefit  the  aorth  popoh,  wnB  occupied  by  a  Prebeadarj 
in  the  time  of  King  Edward  VI.  An  Act  of  Parliament  of  1552, 
defining  the  precincts  of  the  chnrch,  speaks  of  *  tJje  Prebendaries 
hoQB6  now  in  the  possession  of  Barnard  Sandyfortb,*  Clarke,  one 
of  the  Prebendaries  of  tbe  said  OLiurchet  and  the  grounde  and  other 
bowses  adioyniQge  to  the  same  bowse  on  the  northe  parte  of  iht 
said  Chnrche,'  In  1590  we  find  Dr.  Bulkeley  in  this  house ;  for 
*  a  tenement  or  lodg '  next  to  him  was  then  let  to  a  notable  citiz^Q 
of  WeetminBter,  Maurice  Pickering,  who  with  Joan  his  wife  h^d 
presented  the  burgesses  with  their  now  famous  cup  two  years  before. 
We  fiist  come  across  Hanrice  Pickering  as  a  merger  in  1572,  ajtd 
then  a«  allowed  to  hare  a  deputy  in  that  office.  He  was  for  a  lob 
time,  keeper  of  the  Gateliouse.  In  15t>2,  he  aud  *  Joan  his  wife 
allowed  to  have  *  a  quiU  of  water  at  tbeir  own  ooate  to  their  n 
house  *  from  the  houBe  of  Dr.  Bnlkelej 

So  far  then,  we  have  two  houses.  Dr.  Bulkeley,  Prebendary,  and 
Maurice  Pickering,  Gent.,  living  side  by  side.  We  shall  presently 
find  a  B table,  and  then  a  house,  further  west  close  by  the  tower. 
In  1604  Mr.  Pickering  is  gone,  and  Hugh  Parlor  and  KdmtiDd»  lis 
son,  are  Dr.  Bolkeley's  neighbours*  Then  the  house  is  let  to  Sir 
Edw.  Zouche  (1608),  and  then  Dudley  Norton,  soon  to  he  knighted, 
comes  in  1610- 

In  this  your  we  get  oar  first  sight  of  the  stable  next  to  this  houst. 
It  is  let  to  William  Man  and  William  Neale.  The  former  was  son  of 
William  Man  and  collector  to  the  Dean  and  Chapter,  His  mother, 
Widow  Man,  had  married  again,  and  we  have  the  account  of  what  it 
cost  William  Meredith,  Dr*  Goodman's  Secretary,  to  woo  and  seourt 
this  lady,     Tho  latter  wse  elder  brother  of  Dean  Neile.     When  Nerle 
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was  Bisbop  of  LicMeM  or  of  DurLam,  it  auited  liim  to  have  this 
stable.  But  later  the  site  was  used  to  build  another  probe udal  houBe. 
Here  Dr.  Da  rant  de  B  revolt  lived  in  1674,  and  Dr.  Barker  from  1716 
till  it  was  oleared  away  about  1740. 

This  story  is  put  together  out  of  old  leates  and  Chapter  Orders, 
and  more  might  be  said  of  Maurice  Pickering's  house,  m  e»  g.  that  it 
was  commonly  oallod  '  Mason's  Lodge/  and  that  its  place  wa6  taken 
in  1668  by  three  small  housea,  built  by  one  John  Shorter,  who  un- 
dertook to  romOTc  certain  insanitary  arrangements  hard  by  the  Abbey 
btittreeeee, 

Bnt  we  must  return  to  Dr.  Bulkeley,  v?ho  long  Burvived  his 
neighbour,  Mr.  Piokering,  He  ceased,  however,  to  live  in  this  house, 
and  it  was  let  for  forty  years  to  William  Man  in  1613,  when  Dr. 
Mountain  was  Dean.  Dr*  Bulkeley  had  surrendered  it  into  the 
hands  of  the  Dean  and  Chapter,  and  id  1616  he  was  assigned  in  lien 
of  it  '  a  great  stone  house '  within  the  Close*  This  was  the  house 
long  called  *  the  Dean*B  house '  because  the  Dean  had  occupied  it 
during  the  ten  unhappy  years  in  which  a  Bishop  of  Westminster  wa« 
in  the  I^eanery.  In  1662  it  was  rebuilt  by  Inigo  Jones  for  Colonel 
Ashbujuham,  who  bought  the  site,  which  only  returned  to  the  Chap' 
ter  in  1741,  when  the  houses  outside  in  the  churchyard  were  pulled 
down. 

When  this  house  was  assigoed  to  Dr.  Bulkeley,  it  was  further 
stipulated  that  it  should  go  to  his  aucoeeeor,  *  if  bo  be  Dr.  Nuel  only/ 
But  Dr.  Newell  did  not  succeed  Br.  Bulkeley*  He  was  Neil©' a  half- 
brothcr,  and  doubtless  through  him  had  obtained  the  promise  of  a 
prebend.  His  hopes,  however,  were  realised  some  months  befofe  Dr. 
Bulkeley  died.  Laud  succeeded  Bulkeley,  What  house  was  he  to 
have?  William  Man  had  sublet  the  house  outside  to  Dr.  Mountain, 
formerly  Dean.  Bnt  Dr.  Mountain  was  just  now  migrating  to  London 
House ;  and  so  Dr.  Bulkeley's  old  house  could  be  got  by  arnmgemeut 
with  William  Man.  The  largo  sum  of  2001,  was  due  to  the  new 
Bishop  of  Loudon  for  improvements ;  and  the  two  Chapter  Orders 
show  (1)  that  Laud  claimed  this  house  as  of  right,  and  (2)  that 
Williams's  liberality  helped  to  smooth  the  difficulty  about  the 
money. 

So  the  sad  little  Prebendary  got  his  houB«  on  the  sunless  side  of 
iho  Abboy»  with  power  to  come  in  and  out  by  what  tradition  calls  '  the 
Demons*  door '  |  while  the  cheerful  Dean,  his  junior,  was  on  thu 
sciQtb  side,  enjoying  in  the  sonshine  the  preferments  in  Church  and 
State  which  are  indicated  by  liis  signature  *  Jo:  Lincoln,  0.8.  et 
Dec :  Weetm.*  As  a  matter  of  fact,  it  was  several  years  before  Laud 
moved  into  his  house^  for  he  preferred  to  reside  with  Bishop  Neile 
at  Durham  House  in  the  Strand.  Only  whon  that  bouse  was  required 
for  the  ambassador>extraordinary  of  the  King  of  France,  who  was 
coming  over  with  the  Royal  bride,  Henrietta  Maria,  on  January  3, 
1626,  the  move  was  hurriedly  made.  His  books  were  hardly  on  the 
shelves  when  he  found  himself  practically  rosponsible  for  a   task 
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wbieli  ioTOlTed  much  biBtoricAl  iuqairy*  the  dniwing  tap  of  the  Cok>- 
ivfctioa  Service  for  the  new  king  Charles*  Laud^s  alar  was  now  in  tbe 
ascendant,  &nd  Willi&ma.  no  longer  Lord  Keeper,  was  pFohibited  ham 
coining  to  Westminster,  Land  acted  ns  Deputy- Dean  a  I  the  nell* 
(ordered  coronation,  the  one  thing  (so  far  a«  I  can  find)  for  which  vt 
at  Weettninstet  have  special  catifie  to  remember  him. 

There  is  a  cnrions  sequel  ta  the  sUtrj  of  Laud's  house*  1>f. 
Richard  Steward  became  a  Prebendary  in  1638,  and  in  1640  he  wu 
Proloentor  of  the  famous  ConYocation  which  continued  ita  sittings  in 
Henry  YIL*s  Chapel  afler  the  Short  Parliament  had  been  dis^lT^. 
W«  learn  from  Peter  Heylyn's  Life  of  Land  (pp.  423,  438)  that  a 
certain  committee  *  was  desired  by  the  Prolocnfeor  to  hold  their 
meetings  in  his  honse,  situate  on  the  North-side  of  the  Abbej-Chtircii 
iind  therefore  most  convenient  both  to  himself  and  to  them/  The 
Long  ParUamtint  soon  afterwards  swept  a^'ay  Bean  and  Prebendaries, 
»Dd  thej  assigned  Dr.  Steward^s  honse  to  their  Serjeant-^t-Ana& 
Dr.  Steward  was  nominally  Bean  after  Wil!i»ms  became  ArchbiBhop 
•)f  Yorkf  hot  bo  died  at  Paris  during  iht^  Interregnum,  When  the 
King  came  to  his  own  again,  a  mandate  was  sent  to  the  new  Bofti, 
Br.  Earles,  to  eihume  the  bodies  of  the  Commonwealth  leadets  who 
bad  been  buried  at  the  east  end  of  Henry  VII/s  Chapel.  The  re- 
mains  of  P3^m  and  others  were  thrown  into  a  pit  in  the  church yani 
*  near  the  bach-door  of  one  of  the  Prebendaries.'  It  is  the  grtm 
irony  of  history :  for  thi«  bad  been  Laud's  back  door. 

When  we  turn  from  Beans  and  Prebendaries  and  try  to  pictufc 
the  interior  of  the  churcb  during  *inr  period,  we  are  at  a  loss  for 
;:uidance.  The  pictnres  of  successiTe  coronations  are  useless,  parti j 
because  the  ordinary  srraogemant  of  the  church  was  upset,  and  vet 
more  becanse  the  artiste  took  no  trouble  to  give  a  correct  idea  of  the 
building.  We  mu5>t  pick  up  what  we  can  from  our  Chapter  bookt, 
accounts^  and  mtmiments. 

In  the  time  of  Bean  Neile  the  altar  was  well  cared  for.  The 
great  sum  of  581,  was  spent  on  a  large  '  hacke  Front  of  Cloathe  of 
gold  and  blue  Telrett/  Out  of  the  palls  ofiTered  by  King  James  aad 
his  Queen  at  their  coronation  was  nuvle  a  splendid  altar  cloth,  au'i 
another  was  provided  at  the  cost  of  22^.  for  daily  use, 

Westminster  was  coDservative  in  its  ritual,  and  had  maintaiiieii 
throughout  our  period  the  use  of  copes  and  wafer  breads,  which  the 
Puritanism  of  other  places  had  abandoned.  The  wafers  were,  lo 
doubt,  of  the  larger  Frotest&nt  form  ordered  in  Queen  Elisabeth's 
time,  and  never  since  disallowed.  Coain  says,*  *  Though  there  was 
no  necessity,  yet  there  was  a  liberty  still  reserved  of  using  wafer- 
bread,  which  has  continued  in  divers  churches  of  the  kingdom,  an  J 
Westminster  for  one,  till  the  17th  of  King  Charles/  In  1614  tb^ 
Parliament  decided  that  the  whole  House  was  to  receive  the  Com- 
munion,  not  at  Westminster  Abbey,  *  for  fear©  of  copes  and   wafer 
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cakes/  but  at  St.  Margaret's.  When  tbe  Parliftoient  next  met,  seven 
years  later,  WilliamR  wob  the  Dean,  and  a  note  is  pTeserred  to  the 
effect  that  '  the  Speaker  of  the  Oommons  acquainted  tlie  HouBe  that 
the  Beau  aud  Chapter  of  Westminster  refuse  to  permit  them  to 
receive  the  OommQnion  tbere,  beaatsse  they  were  not  first  asked,  and 
heeause  the  preacher  was  not  one  of  themselves  ;  but  that  if  they  would 
appoint  a  canon  preacher,  they  might  receive  the  Communion  with 
firdinary  bread  ;  nnd  that  the  Hottae  rejected  the  offer,  and  oho&e  the 
Temple  Chiirch/  In  the  end,  however,  *  the  House  received  the 
Communion  at  St.  Margaret' e,  and  Br.  Usher  preached  the  aeroion/ 
The  Abbey  was  willing  to  yield  on  a  point  of  ritual^  but  not  on  a 
point  of  privilege;  and  so  began  the  conaeotion  of  the  House  of 
Commons  with  8t,  Margate t^s  Church,  where  the  Dean  was  ready  to 
allow  them  a  freer  hand. 

The  pewe  in  the  choir,  which  was  completely  screened  oflf  from 
the  transepts,  were  the  subject  of  much  controversy  at  a  later  time. 
We  may  therefore  note  with  interest  an  entry  in  Dean  Neile's 
accountB :  '  Itom^  sett  up  iu  the  Church  about  the  preaching  place  for 
the  better  sort  to  sit  in  in  service  and  sermon  time,  ten  seveiill  large 
Pewefi  of  stronge  waiuscott^  which  with  some  alterations  done  about 
the  Prebends  Stalls  coat '  over  36^.  Simultaneously  we  read  a 
Chapter  Order  (1606)  :  '  That  the  prebends  stalls  in  th©  Queere  shalbe 
made  newe,  to  have  all  the  prebends  sitt  together,  halfe  on  one  side 
and  halfe  on  the  other  side,  every  one  sittingo  accordinge  to  his 
dignity  and  degree,  the  Bub-Deane  still  keepinge  hie  ancient  place/ 

I  have  already  mentioned  Mrs,  Neile's  '  little  pew  behind  the 
pulpit/  The  pulpit  was  then  (and  indeed  till  1779)  on  the  eouth 
pide.  Near  it  was  a  great  pew,  with  King  Rt chard  ll/s  portrait 
hanging  up  on  the  screen  behind  it.  Twenty  years  later  this  pew 
was  a  point  of  fierce  dispnte.  The  Prebendaries  had  come  to  prefer 
it  to  their  stalls ;  but  Dean  Williams  claimed  it  as  his  preserve,  and 
would  ouly  allow  the  nobility  to  sit  with  him  there. 

In  16;il  there  was  added  to  the  Chapter  a  clever  little  man 
named  Peter  Heylyn,  who  was  Laud^s  chaplain.  Besides  Laud's 
quarrel,  ho  had  a  quarrel  of  his  own  with  the  Dean,  who  ten 
years  before  had  beeu  ordered  to  call  in  a  book  of  hie,  and 
only  a  week  before  had  refused  him  institution  to  a  living,  on  the 
ground  that  it  was  not  in  the  King's  gift  but  in  his  own.  Peter 
made  a  cave  in  the  Chapter,  and  with  three  other  juniors  drew  up  a 
charge  of  tbirty-sii  articles  againat  the  Deon,  whose  enemies  had 
already  made  desperate  attempts  to  unseat  him.  They  preferred  » 
petition  to  the  not  unwilling  King.  But  the  Dean  of  VVestmtDster  is 
notoriously  difficult  to  get  at^  and  a  Hoyal  Commission  had  to  be  ap- 
pointed coDSLsting  of  the  two  ArohbishopB,  three  lay  Lordi,  and  two 
Secretaries  of  State.  The  articles  are  particularly  intereeting  now, 
as  the  triviality  of  their  details  afford  us  many  glimpses  into  the 
domestic  life  of  the  place.  Lest  they  should  scandxiliBe  the  public 
(perhaps  rather  lest  their  absurdity  should  be  too  obvious)  Peter  wia 
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otdered  to  tnnaUto  them  into  Latin*  For  *  jeur  and  nine  monkbi 
aol^iag  happened,  and  the  Prebendariea  liad  to  pif^aeat  a  new  peti^ 
wiib  £reah  allegatiomt,  the  chief  of  wbkh  wm  the  matter  of  the  pti. 
It  IS  plftin  that  the^  saw  that  the^r  co»ld  not  get  rid  of  the  Dean,  aod 
they  conoentTftted  iheir  efforts  ou  the  reooTery  <i(  the  pew.  The  odI^ 
aatis&ction  that  thej  finally  got  was  a  decision  th&t  thoy  might  sit  iv 
the  pew^  and  *  that  none  shoald  sit  there  with  them  but  Ltjids  d 
Parliament,  and  Earls'  eldest  sons,  according  to  tbe  snotent  custom.* 

Onoe  more  the  pe«r.  The  Dean  has  been  four  years  in  the  Tower: 
he  has  jiist  got  ont  through  a  turn  in  the  politioal  wheels  and  be 
retnms  in  honour  to  the  Abbey.  He  is  sittiiig  in  the  pew^  and  Fetcf 
Hejlyn  is  in  the  pulpit  above  htm,  preaehing  modenition  snd  charity 
with  irritating  innaeudoee.     At  last  the  I>ean*s  temper  is  up,  Kid 

jlting  loatily  with  his  staff  upon  the  pulpit  he  cries,  '  No  more  of 
that  iKiint,  no  more  of  tbat  point,  Peter  I '  *  I  have  s  little  more  to 
say,  mj  Lord,  and  then  I  have  done,' 

And  yet  OBoe  agitin  we  have  a  sight  of  the  pew,  through  the  e^es 
of  a  Weetmioster  Boy.  who  lived  long  afterwards  as  a  Prebeodary  in 
Land's  bouse,  the  famous  Robert  South.  Willia^m  Strong  is  in  tbe 
pulpit  tiow  (a  Puritan  divine  whose  first  Abbey  sermon  wb&  «Dtitled 
^  Gospel  Order  a  CbnrcVe  Beauty'),  and  ^the  l^djug  grandees  of  the 
faction  in  the  pew  under  it*  But  by  this  time  many  other  pews  hsd 
been  ^et  ap.  The  altar  was  gone  from  its  pLaoe :  the  tapestries  ear- 
Toonding  the  sanctuary  had  l>een  carried  off  to  adorn  the  House  of 
Commons,  The  sanckiary  itself  was  occupied  by  a  gallery  of  pen's. 
The  carpenter's  estimates  are  preserved,  and  also  a  plan  of  the  work, 
showing  the  allotment  of  the  pews.  *  Lord  Bradsliaw/  who  then 
occupied  the  Deanety,  sat  on  the  south  side,  snd  opposite  sat 
Dr,  Btieby,  who  had  made  his  monitor  pray  fur  Ki^g  Charles,  M 
^uth  bore  witness,  *  a  few  hours  before  his  sai^red  head  was  cut  off' 

'  Gospel  Order  a  Church's  Beauty  *  may  find  a  further  illostratjoti 
in  the  foUowing  glowing  account  of  the  services  In  tbe  Abbey  under 
the  new  regime  :— 


I  about  the  28  of  th»  iiMtant  JUare^  my  intelligence  put  me  in  nuiid^ 
L>  meike  mantiiju  nf  G^*»  adtulmble  and  most  wifle  4>rdi^nng  and  dispuNditg 


And 

heerc  t* 

of  tbitii^B  to  ibe  gU^n'  o(  his  Nnme,  yyj  of  his  children,  nnd  vexation  of  hii  \m 
Bratt  of  Bom€^  and  malignant  Enemi^fl  of  lU/ormaiion :  in  the  mtmi  rars  uitl 
stTftngrei  lilteration  nf  the  fuee  uf  thini^B  ia  the  Vaihedrail  Churcit  at  Wetimim&Ur. 
Kftmely^  th&t  wher^^soa  there  wm  wont  to  be  hejirdi,  nothing:  ulmo^t  but  J^r#M^ 
B&tm^  tooting  find  squcftking  Organ-Pipes,  und  the  CathedraU  CtUdtet  of  Morh^. 
and  I  kuow  not  wliftt  traati ;  now  the  Popiak  AltaT  U  quite  taken  away,  tlw? 
hdhmimg  OrganM  aie  demulialtt^  tuid  puirtf  dimne.  the  trdite,  or  mther, 
sad  hsie  Binererti,  Cbantera,  or  In c haute rs,  driven  out ;  und  instead  tbercot 
is  now  aet  up  &  most  blessed  Orthodox  Prencliiiip'  Mini&try,  tvim.  everj  mcmii 
tbi^iiighnut  the  weeke,  aud  e?(?ry  iweeke  thmitgh  the  whole  yeare  a  SemkeiS 
Preached  by  mi«t  Icitrtitid,  grave,  and  gi41y  MiDiBterft.  of  purpoee  wppoiliterj 
thereunto,  and  fur  the  gaudy  guilded  CrucitiiLeg^  and  rotton  rabbler  of  dumbe  Idoti, 
Popish  Sflinia.  and  Picture!,  aet  up,  and  plBOed,  and  painted  thereabout,  wh«fe 
that  tmfull  Sin^inif  wua  uied ;  now  n  trn  «t  eweet  n»aemhlj,  and  tbicke  throng  oC 
Godfl  ptuns  people,  and  welUaiected^  living  teachable  SnimU  Is  tbere  oDtutantl^t 
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and  raoet  onnifortably,  every  m<*rtiiiig  to  be  seen  ftt  the  Sfrmona,    O  tuif  God! 
^^  what  li  rich  and  rare  alteration  I  what  a  strnt^ge  change  is  ttiEa  tsxdccd  I  * 

^^  We  are  now  at  the  close  of  our  period,  when,  hy  order  of  the 
Long  Pttrliaraent — ''the  pretended  Parliament,*  as  the  RoyalifitB 
called  it^a  serious  outrage  against  both  Church  and  State  was  per- 
petrated  in  the  Abbej  cloisters.  The  following  doouments  tell  the 
Btory  : — 

I.     Journal  &/  the  E&um  of  Comnums, 

Juiit^  2, 1643.     Ee^dved,  That  the  Dean,  i^ubdenn  and  Prubenda,  be  enjoined 
imd  rtquir&l  to  delifer  b*  Wit  Epu.  MMmnj^  Hud  Mr.  Marten,  the  Keya  of  the 
Treaftury  where  the  Rt  galiOr  are  kept  i   that  they  mtiy  search  that  Place,  and 
I        report  iu  the  House  what  they  find  tl^ere. 

Tbo  Question  being  put,  whethiT,  npou  the  Eefuual  to  deliver  the  Keys,  the 
Door  of  that  Plrwo  whor<?  tho  Rei^lia  are  kept  shall  bu  opeaed  ■ 

»The  Hi»tii6  wa^  dividt^ : 
The  Tea»  went  forth. 
Sir  H.  I.udkiw  i  Teller  for  thtj  Yc* :  \ 

Mr.  Strvide  \       With  the  Yea,      / 

Mr.  Pierrepont  f  Tellers  for  the  Noe: 


With  the  Nr« 
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Juno  3.  1643.  Tho  Qt;e#tiou  botog  put,  whether  the  l^ocki  of  the  Doi>ri 
wbero  th©  Hegalia  are  kept,  in  Weatmioster  Abbey,  shall  be  opened,  tiotwith- 
standing  any  fr»rmer  Order  miide,  and  t^nrch  made  there ;  and  an  Inveiitf*ry 
taken,  of  what  things  are  there,  and  presented  to  the  Huufte ;  aitd  new  LQ<.'ha 
ict  upon  the  Door;  mid  nothing  removed  till  the  House  tiike  farther  Order. 

The  Hou&a  waa  divitled. 

Th»j  Yean  went  forth. 


I 


Sir  Peter  Wentworth 
Bir  Cluiat  Yolverlon 
Mr.  Hollefl 
Sir  Jo.  Holland 


TcUefB  for  the  Yea ;  1 
With  tho  Yea,      / 

Tellera  fur  the  N<n3  ;  i 
With  the  Noe       I 
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Maotved,  etc.f  That  the  LochA  of  thu  DiHira  where  the  liegilia  are  kept,  in 
Weitmfiiitei  Abbey,  shall  be  upciiied,  notwUbiitaiJilinjh^  any  r^irmcr  Order  ituid;e» 
and  B^^reh  made  there :  and  an  Inventory  taken  of  what  Things  are  .  ,  . ;  and 
presented  to  the  House;  and  new  Locks ^t  ufH.in  the  Di.Hirs^nod  mitbing^  repnived 
lill  the  House  take  further  Order ;  nnd  that  Sir  liob.  Pye  be  there  present,  with 
that  Inventory  ««f  the  Uegalia,  that  ia  kept  in  the  C;hfinil?eflftjn'g  Office  of  the 
££chequer,  whether  all  Things  be  there,  m^titioned  in  that  Inventory. 

£?ir  Jo,  UuLland,  Mr.  Gurdoii,  Sir  H,  Slildmay,  Mr.  MHrten  wre  to  taku  the 
luTentory^  and  to  execute  this  Order  accordingly. 

From  these  records  it  appears  that  the  keys  ware  demanded  from 
the  Dean  and  Chapter  by  the  resulutioti  of  J  tine  2,  but  the  proposi* 
tion  that  in  case  of  reluEal  the  locks  should  bo  forced  was  lost  by  58 
irotes  to  37,  When  the  l^rst  resolution  proved  nugatory,  it  was  on 
the  next  day  agreed  by  a  majority  of  one  to  break  open  the  doors* 

IL    Heylin's  '  Aeriti^  Kodi?ivue '  (ed,  1€7U,  p.  461 :  &d.  1672,  p.  452). 

And  fur  »  further  evidence  nf  their  giv>d  iutentions,  a  view  is  to  be  tiiken  of 
the  old  Begalia^  and  ni>nt.t  »»  fit  as  Mtmtin  to  perfr^rm  that  Serviqe.    Who  having 


•  *  G.Kl'i  Ark  over-topping  the  World's  Waves'  (John  Vicars,  1646,  p,  184), 
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ciNiiEiixintided  the  Sobdean  of  Wetimintltr  to  bring  liiin  to  the  place  in  which  tlb^i 

were  kipL  mnde  bJfn^lf  BlH»ter  of  the  Spoil    And  haiing  Torced  open  a  iT«4j 

Ipi^a  Cbe»t,  t'lok  out  the  Cf^nriifi,  the  Robes,  the  Swords  and  S<?eptre,  bek*ii| 

^ftnoi^ntlj  to  K.  EDWARD  the  Coiif(.'e*T.  ami  twed  by  all  out  Kiog^  nt 

OMi^iLimtione.    With  a  fiixinn  greatfr  than  Iiib  lofltii,  and  the  re«t  of  big  Vi 

tir  opeitlj  declare*.  That  ihert  ifwuM  U  nojurtker  use  of  thote  7*oyi  and  Tr 

[And  in  the  jollitj  at  that  liumcMU-  itiTeflts  Gevrge  WUkert  (au  ^id  PtkTitanSai% 

*ia  the  l^yvA  Habilimentd,    Wb>  beiug  thiu  Ciwn'd  &ud  Rt^jralljr  ■urmy'd  (ip 

right  well  became  him)  flret  in&wht  abnut  the  Rm^m  with  a  atatelv  Garb,  iW 

aflerwanii  with  ft  thoiisaud  Apish  and  RldicuLmi  actiMiia  exposed  tLose  Sat^ 

Ornamenli  to  contempt  nnd  Inog^httr.     Hqd  tbe  ibwv  been  *tripf  and  trAi)Ji»  ai 

it  abould  hare  been,  the  fo«tliih  Fellow  mi'jbt  piiaaibly  have  prtsafd  f««r  a  Pt^jA'tU 

though  he  oonid  uot  be  Teob'ueti  f  «r  a  fot;/-, 

The  earliest  historj'  t>f  this  Bojal  Treasnrj  is  obeoure,  aud  i 

r^^nt  controversj  of  tie  antiquftries  has  cast  uncertain tj  on  part  of 
whftt  we  thought  we  knew.  For  it  has  beeti  strougly  argued  that  thtt 
Treasury  which  was  robbed  in  the  reign  of  Edward  I,  wiis  uot  tMf 
clj&pel  in  tbe  cloisters,  but  the  Tault  beneath  die  cbapter-houee,  I 
cannot  now  diecuBS  the  matter ;  but  it  remains  certain  that  gioce  the 
days  of  Edward  III,  certain  royal  traasuros  were  kept  in  this  little 
chapel.  Portions  of  the  Hegalia  were  also  there,  though  others  were 
in  the  monastic  Treasury  in  St  Faith's  Chapel.  Since  tbe  Eestora- 
tion  the  Regalia  have  been  in  the  Tower,  and  have  only  been 
deposited  with  the  Dean  and  Cbapter  on  the  eve  of  &  ooronatioB. 
The  cdd  chapel  was  still  used  ns  a  Treasury  of  treaties  and  records ; 
Exchequer  tallies  were  kept  there,  and  also  the  V'pL,  or  *  box  *  cob- 
taining  the  standards  of  coiBage.  But  gradually  everything  bas  beeti 
removed.  The  treaties,  the  tallies,  the  Pyi  itself— all  have  found 
homes  elsewhere.  The  chapel  is  empty;  tbe  ancient  altar  stands, 
though  somewhat  damaged,  aud  by  ita  eide  is  a  piscina  on  a  tbirteeuth- 
ceutury  pillar. 

Let  ns  look  a  little  closer,  and  observe  the  constructioti  of  this  tiuy 
chapel.  It  is  at  present  bnt  30  feet  wide  and  30  feet  long,  with  h 
heavy  round  column  in  the  centre,  I  eay  *  dt  present.'  fcr  originally 
it  formed  part  of  a  long  vaulted  chamber  beneath  the  ancient  donui- 
tory  of  the  monks.  This  chamber  was  100  feet  in  length,  that  is,  us 
long  as  Henry  YII.*b  Chapel ;  aud  six  massiye  columns  down  tbe 
middle  supported  the  vaulting.  It  is  the  oldest  remaining  part  of 
the  Abbey,  reaching  back  to  the  period  of  Edward  the  Coufes6or*s 
building.  It  is  now  divided  by  partition  walls,  of  stone  or  of  brick, 
into  four  small  compartments.  Two  of  ^eso  are  dark  storehousee,  a 
third  is  rented  by  Westminster  School  as  an  approach  to  their  gym- 
nasium, while  the  fourth  is  tho  chapel  of  which  we  are  speftlitig. 
This,  the  most  northerly  portion,  was  walled  otf,  perhaps  two  liundrea 
years  after  it  was  builtt  by  a  rough  stone  wall :  the  other  partitioof 
Hre  of  much  more  recent  date. 

I  sometimes  Lave  a  vision  of  a  new  period  of  public  usefulness  fi»r 
this  hidden  and  almost  forgotten  &itc>  I  seem  to  see  the  ancietit 
vaults  reunited  as  of  old  in  one  long  chamber ;  the  old  altar  repaired, 
that  we  may  worship  once  more  iu  the  one  sacred  portion  ot    tbe 
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Abbey  that  goes  back  to  the  Confeseor's  pef lod ;  while  beneath  the 
floor  may  be  Uid  iri  thlg  m<i&t  venerable  spot  the  retDaiua  of  our 
greatest  coufttryiiieii  in  tho  century  that  is  before  us,  aud  the  wvAh 
luay  hold  memorials  ou  a  modest  scale,  such  as  in  recent  years  b&ve 
been  filling  the  few  spaces  left  in  the  main  part  of  the  oburcb. 

I  dare  not  speak  of  this  as  a  scheme,  but  only  as  a  dreatu. 
Yet  I  6ee  in  it  a  possible  solution  of  the  problem  that  has  baffled 
us  heretofore— how  to  maintain  the  splendid  tradition  of  Abbey 
bui'ialB,  which  otherwise  will  soon  become  merely  a  glory  of  the  past. 
Elaborate  projects  of  new  building  have  been  devised,  only  to  bo  set 
agide  •«  qtitrageous  or  impracticable.  This  is  a  jioaeibility,  worthy 
al  least  of  a  thought,  before  we  resign  ourselves  to  despair.  It  would 
iuTolye  a  minimum  of  disturbance,  and  would  reopen  to  public  view 
our  most  ancient  chamber  ;  while  in  time  to  come  an  extensiou  of  the 
scheme  might  include  what  is  called  the  Chapel  of  St.  Dunfitan  and 
the  ground  now  occupied  by  the  gymnasium,  if  the  interests  of  the 
School  were  duly  provided  for  elsewhere, 

I  have  put  forward  thiF  suggestion  quite  tentatively  and  without 
any  iutontiou  of  pressing  it.  I  only  say  that  it  is  worth  consideratioii 
and  that  the  difficultjoa  connected  with  it  would  oot  be  insurmouttt- 
able,  if  the  idea  should  commend  itself  to  the  public  mind  and  should 
obtain  the  sanction  of  the  higheet  authorities. 

Quite  apart  from  any  such  suggestion  for  the  future,  I  would  ven- 
tare  to  express  a  hope  that  the  time  has  come  when,  with  the  general 
approbation  of  Englishmen,  this  little  chapel  may  be  restored  to  the 
custody  of  the  authorities  of  the  Abbey,  and  used  as  in  ancient  days 
for  sacred  purposes.  A  special  interest  would  thus  attach  to  it,  as 
being  the  only  [)ortion  of  St.  Edward's  building  which  is  still  capable 
of  being  used  for  Divine  service.  And  arrangements  could  be  made 
by  which  reasonable  opportunities  for  viewing  it  could  be  given  at 
other  times* 

There  is  no  reason  for  sup;>osiug  that  the  King,  in  making  use  of 
this  portion  of  the  long  vaulted  chamber  or  chapel  fur  the  keeping  of 
his  treasures  I  intended  to  alienate  the  fahric  from  the  Abbot  and 
Convent  to  whom  his  predecessors  had  granted  it.  Had  he  chosen  to 
keep  hie  treasures  elsewhere  the  chapel  would  have  returned  natur- 
ally to  its  former  use. 

After  the  second  eipulsiou  of  the  monks  the  whole  property  of 
the  Abbey  vested  in  Queen  Elizabeth  ;  and  she  of  her  Koyal  bounty 
granted  the  whole  of  it  to  the  Dean  and  Chapter  of  her  new  fouuda- 
tion.  This  is  shown  by  the  words  of  her  gnmt,  which  not  only 
gives  the  whole  site,  but  in  express  words  *•  all  the  ehapols  *  (omne^ 
tapeUas). 

It  would  seem  to  be  reasonable  that  if  the  State  no  longer  requires 
this  chapel  for  tho  purposes  of  a  Treasury,  it  should  revert  to  its 
aucient  use> 
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ANNUAL     MEETING, 
Monday,  May  2,  1004. 

SiE  Jjjoss  CRiCHTON-BROWifE,  M,B.  LL.D.  F.R.S., 

Treaanrer  and  Vice-Preaident^  in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Vifiitors  for  the  ymt 
1903,  testifying  to  toe  continued  prosperity  and  efficient  managemtnt 
of  tbe  Institution^  was  read  and  adopted,  and  the  Report  on  the  Davy 
Faraday  Research  Laboratory  of  the  Royal  Institution,  which  aoooni' 
p&nled  k^  was  ako  read. 

Seventy  new  Membets  were  elected  in  100.3. 

Sixty-two  Lectures  and  Twenty  Evening  DiBcoarsea  were  delivewd 
in  1903. 

The  Books  and  PamphJeto  presented  in  11)03  amoimted  to  ahoQi 
229  vohimes,  making,  with  61)4  volnmea  (including  Periodicals  bound) 

EurcliaBtd  by  the  Managers,  a  total  of  1)23  volumes  addi^l  to  Ik 
library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  the  Honoraiy 
Secretary,  to  the  Committees  of  Managers  and  Visitors,  and  to  iie 
Professors,  for  their  valuable  eervices  to  ^e  Institution  during  the 

past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officere 
for  the  ensuing  year  : 

PuEsiDKKT-^The  Duke  of  Northumberland,  K.G.  D.C.L.  F.R.a 
Treabuber— Sir  James  Crichton-Browne,  M.D,  LL.D.  F.R.S. 
Secretaby — Sir  WiUiiim  Crookes,  F.R.S. 


MANAOEaS, 

Sir  Wimam   de  W,   Abnfly,   K.C.B.   D.CX. 

D.Sc.  P.R.S. 
Biory  E.  Artoitrong,  Eiq.,  Ph.D,  LL.D.  F.R.S. 
Shilfenl  BidweU,  £«<(.,  M,A.  Set).  LL,B.  F.B,S. 
Sir  Alexander  Bitmie,  M.Iait.C.E. 
John  H.  Balfour  Bro\vne,  Esti.,  K.C.  D.L.  J. P. 
Tb*  Hob.  Sir  Henry  BBrton  Buckley,  M.A, 
Sir  Thouiaa  Amlros  de  Ia  Rqp,  Bart.^  M.A, 
JohD  Ambr^^se  f  leming,  Ewj.,  M.A.D.Sc.  F.K.S. 
Sir  Victor  Horslev,  M.B.  B,S.  F.R.S.  F.R.aS, 
Th*  Right  Hod,  Lord  KeU-in,  O.M,  GX'.V.O, 

aCL.  LL-D.  D.Sc,  F.R,S. 
Ladwrig  Mond,  Esq.,  Ph.D.  F.R,S. 
Sir  Oweti  Roberts,  M.A.  D.C.L.  F.S.A. 
Sir     ThoidnB     Eemtj     Satiderson,     G.C.E, 

(f  C  \f  c 

Sir  Feiij  Semon,  C.V.O.  M.D.  F.R.C.P. 
William  Hugh  Spottii woods,  E«j.,  RC.S. 


Yisrroae, 

Jobu  B.  Broun-Mori»on,  Esq.,  J. P.  D,Lr.SJ^' 

(Scot) 
John  Mitchell  Brace,  En^.,  M.A,  M.D.  LLC 
Frank  Clowes,  Esq.,  D.Sc.  F,C,S. 
James  Mackesf  i«  D&Tidson,  Ec<|.,  313.  CM' 
Franais  Fox,  Eaq.,  H.Inst.C.E, 
WiUiam  Bolger  Gibbs,  Esq.,  F.R.A.S. 
Mnnre§  Horaer,  Esq.,  J, P.  F,R.A,S. 
Carl  E.  Melchen^  Esq. 
Robert  Mond,  Esq.,  JiJ.A.  F.R.S.E.  FA^ 
J  oh  a  Ctd]&»iier  Rosa,  tisq. 
Tbe  Hon.  Lioael  Walter  Rothschild,  Si  J. 
George  Johnit4ae  Stoney,   Etq^,  ILL  t>^ 

F.R.a 
Alna  Campbell  Swint«ti,  E&q,,  M  J&ii.CX 
John  Jewell  Vtmjt  Esq.,  F.R.M.S, 
Ge<irge  Philip  Willoughbf ,  Esq.,  J. P. 
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WEEKLY    EVENING  MEETING, 
Friday,  May  6,  1904, 

Sib  Jakbs  CaioaroH-BRowNie,  M.D.  LUX).  F.E.3. 

^ud  Vice-President,  in  tlie  Chair. 


Treasurer 


?,  Chalmebs  MiTOHEti^  Esq.,  D.3<3.  Bee.  Z.S« 

Anthri^id  Apes. 

Hap  it  been  my  lot  to  be  in  control  of  Zoological  Gardens  long 
btifore  the  chalk  cliffs  of  Dover  were  formed,  there  would  have  been 
no  lack  of  strange  creaturea  to  eioite  the  iatereit  of  the  Tisitors  on  a 
primeYal  Bank  Holiday*  But  there  would  have  been  no  liona  and 
tigers,  no  elepbante,  hippotamusee  or  rhinoceroses,  no  zebras  or 
giraffes,  no  apea  or  rnonkeys.  Grotesciue  and  gigantic  flying,  running, 
bopping  and  crawling  creatures  would  have  been  there,  cr^turei 
adapted  for  browsing,  or  gnawing,  or  flesh-eating ;  but  the  great 
group  of  mammalian  animals,  which  now  plays  so  large  a  part  in  the 
economy  of  the  earth,  would  have  been  represented  by  a  few  small 
and  inconspicuous  creatures,  probably  placed  in  an  obscure  comer  of 
the  reptile  house  uf  the  Jurassic  Zoo.  These  primitive  momma U 
had  small  skulls  with  very  small  brains,  long  jaws  with  many  teeth 
in  a  single  even  row  along  the  margin,  and  their  flat  hands  and  feet 
had  five  fingers  or  toes«  From  such  simple  beginnings  the  great 
groups  of  existing  mammals  became  specifl-liBod  in  different  ways. 
The  group  PrimatcB,  for  instance,  which  contains  the  1cm une,  monkeys, 
apes  and  man,  retained  primitive  characters,  such  as  a  relatively  even 
row  of  teeth,  a  flat  foot  and  hand,  each  provided  with  five  digits, 
and  each  digit  protected  by  a  shield  intermediate  between  a  hoof  and 
A  claw*  On  the  other  hand,  in  this  group  the  skull  and  the  brain 
beoame  highly  Bt>ecial]6ed,  and  the  upright  posture,  with  its  attendant 
modifications  of  structure,  wns  gradually  assumed, 

[The  lecturer  then  described  the  special  characters  of  anthropoid 
apes,  and  gave  an  aooouBt  of  the  natural  history  of  the  gibbons, 
orang-utans,  gorillas  and  chimpanzees,  exhibiting  a  eeriee  of  lantern 
elides  made  from  photographs  of  specimens  that  had  lived  in  the 
London  Zoological  Gunlens*] 

The  great  anatomists  of  last  century,  and  in  particular  Huxley 
and  Darwin,  showed  clearly  the  essential  similarity  in  the  structure 
of  the  great  apes  and  man  ;  and  from  their  work,  and  the  work  of  later 
observers,  it  may  bo  taken  as  abundantly  proved  that  in  the  primate 
series  there  is  a  less  gap  between  the  great  apes  and  man  than  there 
is  between  the  great  apes  and  ordinary  monkeys.     1  may  take  the 
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skeleton  a  ad  the  brain  as  an  illustration  ratber  th&u  as  aa  expoeitioii 
of  tbis  anatomical  fact* 

[Tbe  lecturer  then  showed  and  es^kined  ft  series  of  lantern 
elide«  of  tbe  ikeletons  and  of  tbe  braiiis  of  autbro|x>id  apes  and  man, 
and  called  special  atteDtion  to  a  set  of  actual  brains  of  anthropoid 
apes  wbicb  tad  been  very  beautifully  preserved  for  him  by  Mt, 
P,  K  Beddard,  F.R.S.,  tbe*  Prosector  of  tbe  Zoological  Society.  He 
compared  tbe&e  with  specimens  of  actual  braiofi  and  models  of  brains 
of  htiman  embryos  which  hii^d  been  lent  to  him  by  Dr.  Keith,  of  the 
Tjondon  Hospital  Medical  College*] 

Siuce  Huiley  and  Darwin  wrote,  corroborative  evidence  of  new 
find  anexpocted  kinds  has  been  obtained  rospectLng  the  relationfhip 
between  niau  and  anthropoids.  This  evidence  may  be  divided  into 
three  heads  t — 

1.  PalwontologicaL — In  1894  Dr.  Eogene  Dubois  discovered  in 
Java  tbe  very  remarkable  fossil  now  known  as  Pithe^anthropm 
0f«du«.  From  the  character  of  the  bed  in  which  the  bones  of  this 
creature  were  found ,  and  from  the  mammalian  remains  with  whiob  it 
WBQ  associated,  Pithecanthropus  must  be  referred  to  the  Upper 
Flioceue  series.  Very  animated  debate  has  taken  place  amongst 
anatomists  as  to  whether  Pithecanthropus  is  to  be  considered  hniuin 
or  iinthropoid.  That  question,  however,  is  one  of  olassifif^tion  ;  tbe 
salient  point  is  tbat  Pithecanthropus  is  more  ape-like  than  any  known 
human  type  living  or  eitinct,  and  more  man-like  than  any  known 
form  of  ape  living  or  extinct, 

±  Anatomical  Siwdtf  of  Variation. — ^The  most  striking  feature  of 
anatomical  work  of  tbe  last  two  decades  is  the  importance  tbat  bas 
beeu  attached  to  tbe  study  of  variation.  Until  comparatively  recen! 
auatomists  were  content  to  take  the  characters  of  an  animal  ^m 
or  at  least  from  a  very  small  number  of  specimens.  A  worker 
bad  the  good  fortune  to  dissect  a  specimen  of  a  gihbou^  an  orang,  a 
goriUa,  a  chimpanzee,  and  a  human  body,  would  have  consider^i 
himself  pro?idetl  with  abundant  material  for  a  discrioiinatioii  of  tbe 
characters  of  tbese  forms.  We  know  now,  however,  that  the 
anatomical  structure  of  a  species  must  ba  estimated  in  percentages, 
in  tbe  number  of  times  that  any  particular  arrangement,  say  of  bloed- 
v«6eels  occurs,  in  say  100  specimens.  lu  the  case  of  closely  allted 
furms,  variations  of  anatomical  structure  that  occur  in  a  high  pe^ 
centage  in  one  epecies  are  found  in  a  lower  percentage  in  auotlieT 
species.  Anatomically  speaking,  allied  species  are  simply  difl'ereDt 
centres  of  oscillation  in  a  continuous  series  of  anatomical  variations. 
And  thus  it  has  been  found  that  anatomical  peculiarities  regarded  ^ 
abnormal  (that  is  to  say,  ocourrlug  in  a  small  number  of  individuals  per 
cent*)  in  man  are  normal  (that  is  to  say,  occurring  in  a  large  number 
of  individual  per  cent.)  in  tbe  gibbon,  or  orang,  or  chimpanzee,  <t 
gorilla.  Similarly  the  gorilla  normal,  or  the  gibbon  normal^  occurs 
in  man  as  an  abnormality. 

3.  Physiologimh — A  remarkable  recent  development  of  physio- 
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logy  hts  been  the  study  of  the  properties  of  blood  eenun*  When 
the  blood  of  one  mamniftl  is  injected  into  the  body  of  another,  the 
blood  of  the  latter  animal  shows  remarkable  modifications,  Jf  a  few 
drops  of  the  blood  of  a  guinea- pig  be  added  to  the  col  our  lees  flmd 
known  as  serum,  prepared  from  the  blood  of  another  rodent,  say  a 
rabbit,  no  change  takes  place.  If^  however,  the  blood  of  the 
rabbity  before  the  serum  has  been  prepared  from  it,  be  treated  by  the 
injection  into  the  living  animal  of  guinea-pig's  blood,  then  the  rabbit 
semm,  contaminated  bo  to  speak  with  guinea-pig,  shows  new  pK>» 
per  lies.  It  has  become  ft  delieate  test  for  guiaea-pig  blood.  If  a  few 
drops  of  such  blood  be  |jlaced  in  it,  the  mLxture  becomes  opaque  and 
reddi&b,  as  the  guinea-pig  blood  corpua^les  now  dissoWo  in  it.  If 
clear  guinea-pig  a  serum  be  added,  in  a  few  minutes  a  clondy  pre- 
cipitate is  thrown  down.  Such  reactions  are  aometimcs  strictiy 
specific,  and  form  a  moat  delicate  test  for  the  blood  of  an  aulmal.  It 
has  been  found,  in  the  case  of  the  anthropoid  apee  and  man,  that  the 
test  does  not  dtscrimiuate  between  the  bloods  of  these  forms.  In  the 
literal  sense  of  the  words,  there  is  an  extremely  close  blood  relation- 
ship between  man  and  the  anthropoid  apes.  This  blood  relationship 
is  shown  in  that  a  Dumber  of  diseases  hitherto  thought  peculiar  to 
man  can  be  shared  by  the  anthropoid  apes.  At  the  Pasteur  Institute 
in  Paris,  and  at  the  School  of  Tropical  Medicine  in  Liverpool,  this 
physiological  kinebip  is  being  the  basis  of  a  Dumber  of  experiments 
which  moy  lead  to  consequences  not  only  of  irast  aoientific  interest, 
but  of  the  greatest  practical  importaDce  to  man* 

Finally »  since  Bar  win  and  Kuxley  wrote,  a  considerable  knoiv* 
ledge  of  the  ambry ological  development  of  anthropoid  apes  has  been 
gained,  and  this  knowledge  has  revealed  the  expected  but  im|)ortant 
factj  that,  until  a  very  lato  period  before  birth,  the  embryos  of 
anthropoid  apes  are  extremely  similar  to  those  of  man. 

The  gap  between  man  and  the  lower  animals  is  widening  rapidly. 
In  recent  geological  times  apeciea  of  anthropoid  apes  more  man-like 
than  the  existing  forma,  and  species  or  varieties  of  the  human  race 
more  ape-Hke  than  existing  man,  have  been  blotted  out.  At  the 
pre^ieut  day  the  lower  races  of  man  are  diaappearing,  and  there  ii 
more  than  a  probability  that  the  range  of  the  anthropoid  apea  will 
become  more  restricted,  and  that  theao  too  are  in  danger  of  extinction, 
S(f  far,  the  eflbrta  to  keep  these  apes  in  captivity  have  been  uniformly 
nuencceaaful,  both  in  the  tropics  and  in  temperate  regions.  Gorillas 
have  rarely  lived  more  than  a  few  weeks  in  captivity ;  orangs  a  few 
months,  reaching  in  the  extreme  two  or  three  years  ;  there  has  bt-en 
greater  success  with  chimpanzeea.  However,  none  of  the  larger 
untbropoid  apea  have  bred  in  captivity,  and  breeding  mtist  be  taken 
i\»  tbe  abfiolute  test  of  aucce&aful  conditions. 

[The  lecturer  then  reviewed  some  of  the  difficulties  that  ariiio  in 
connection  with  the  keeping  of  apes  in  captivity,  and  stated  his 
belief  that  the  problem  of  successful  confinement  was  capable  of 
being  solved,] 
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GENERAL  MONTHLY  MEETING, 

Mondaj,  May  9, 1904. 

Hi8  Gbaoe  The  Duke  of  Northumberland,  K.G.  D.C.L.  F.B.S., 
President,  in  the  Chair. 

The  Chairman  announced  that  he  had  nominated  the  following 
Vice-Presidents  for  the  ensuing  jear : — 

Sir  William  de  W.  Abney,  K.C.B.  D.C.L.  D.Sc.  F.E,8. 

Shelford  Bidwell,  Esq.,  M.A.  ScD.  F.B.S. 

The  fit  Hon.  Lord  Kelvin,  CM.  G.C.V.O.  D.C.L.  LL.D.  D.Sc. 

F.R.S. 
Ludwig  Mond,  Esq.,  Ph.D.  F.R.S. 
Sir  Thomas  Henry  Sanderson,  G.C.B.  K.C.M.G, 
Sir  Felix  Semon,  O.V.O.  MD.  F.R.C.P. 
Sir  James  Crichton-Browne,  M.D.  LL.D.  F.E.S.  (Treasorer). 
Sir  William  Orookes,  F.B.S.  (Honorary  Secretary). 


Patrick  M.  Brophy,  Esq. 
W.  J.  Canter,  Esq.,  R.N. 
Eyre  Crowe,  Esq. 
Harold  Thornton  Ellis,  Esq. 
Miss  Emma  Morgan, 
Berkeley  Portman,  Esq. 
Burnett  Tabrum,  Esq.,  J.P. 

were  elected  Members  of  the  Royal  Institution. 


Professor  Emiie  Hilairo  Amagat  (of  Paris). 
Professor  Ludwig  Boltzmann  (of  Vienna). 
Professor  Julius  Wilhelm  Bruhl  (of  Heidelberg). 
Louis  Paul  Cailletet,  Esq.  (of  Paris). 
Professor  Per  Theodor  Cleve  (of  Upsal). 
Professor  James  Mason  Crafts,  LL.D.  (of  Boston). 
Professor  Pierre  Curie  (of  Paris). 
Madame  Sklodowska  Curie  (of  Paris). 
Professor  Emil  Fischer  (of  Berlin). 
Professor  Friodrich  W.  G.  Eohlrausch  (of  Berlin). 
Professor  Hans  Landolt  (of  Berlin). 
Professor  Henri  Louis  Le  Chatelier  (of  Paris). 
Professor  Gabriel  Lippmann  (of  Paris). 
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Frofeasor  Henrik  Ank^on  Lorentz  (of  Leiden). 

Professor  Dr.  George  Luuge  (of  Zuriob). 

Professor  Edward  Williamjs  Morlej,  LL.D.  (of  Cleveland). 

Dr.  H.  KamorlingU  Ounea  (of  Leiden). 

Professor  Edward  Charles  Pickermg,  LL.D.  D.Sc,  (of  HatTArd)., 

Professor  Goorg  Herruaau  Qulucke  (of  Heidelberg). 

Profesaof  P,  Zeemaa  (of  Amsterdjuo). 

vere  elected  Honorarj^Members  of  the  Bojal  Instittition. 

The  Special  Thanks  of  the  Members  were  retained  to  Mrs.  Frank 
Lftwson  for  her  Donation  of  £50,  and  to  Sir  Thomafi  SiintJersou^ 
O.C.5.,  for  his  Donation  of  £5,  to  the  Fimd  for  the  Promotion  of 
Experimental  Heseareh  at  Low  Temperatnres, 

The  Pjivsents  recoivod  sinco  the  last  Meeting  were  laid  on  the 
table,  and  tho  thanks  of  the  Members  re  turned  for  the  same,  viz. : — - 
moK 

The  St^dary  of  State/or  India— Censm  of  India,  1001 :  VoL  L  Part  1,  Report  ; 

Vol  1a.  Part  2,  Tablea.     fo!.     1903. 
Geokigical  Satrey  of  India :  Palffiontologia  Indica,  Set,  XV,  Vo].  I.  Part  5. 

foL     19^3. 
Ae&uU'mia  det  Linoei,  Ewile^  Eoma—d»e6&  di  Scieuzti  Fkiolie,  BlAtematldie  e 

Katundi.    Aiti,  Bene  Qainta:  EendiooDti.    Vol.  XIII  Ic  Semaatro^  Fa«c.  7. 

@TD.     1904. 
Amaridam  Gtoamphioal  8oeiety^liu]M\n,  Vol.  XXXVI.  Noa.  2-d.    Svo.    1904^ 
AmiHeam  Fh&mpkkal  Society— Tr^yctt^rtni^^,  Vol.  XLU,  No.  17i.    8vo.     190:i. 
JMrtmamiMl  Soo&if,  Boi^aZ— Monthly  Noticed,  Vol.  LXIV,  Ko.  5.    dro.    1904. 
AutamBhUe  dufr— Journal  for  April  l^lH. 

Banker*,  IntUhOe  of— Journal  Vol.  XXV.  PeiTto  +-$.    8to.    1904, 
fidf&m  PftRio  Lt'jntri/— Month Ij  Bulletio  for  April,  1901.    Sto. 
Borfon  Bocietif  of  Natural  HutOTff—M&moin,  Vol.  V.  Noa,  8-9.     4to.     1902-3. 
Britijih  ATchittclM,  Eojful  IngtituU^  <?/— Joupiiftl,  Third  Serk-a,  Vol.  XI.  No9.  12-13. 

4to.     1904. 
Briii^  AUr&nomic^  Aaodation—donm&l,  Vol.  XIV,  No.  6.     8?o.     1904. 
Bitmot  j4yfe»— Monthly  Ballotin  of  Muiatdpal  Statistici  for  Feb.  1904.    iUi, 
(hmturid^e  Philotophiml  SoeiViy— Proceed inga,  Vol.  XIL  Part  5.     8vo.     1904. 
Oambri^s  Utdvertity  Pret* — Matbematica]  and  Fhyaictkl  Pap«i»  of  Sir  Oeorge 

gtotas^  Yd.  IV.    8vo.     1904. 
OMtadOtDtpaiimmi  of  the  Int^^ar-^^Dictioaarr  of  AlUtudeu  in  Canada.     By 

J.  White.    8vo.    ims. 
Cbiidtffl,  Q^okgiaEl  Surifey^AhiUidea  in  Catiada.     Bf  J.  White.    (With  Map.) 

8to.    1901. 
Chemical  Indmtrff,  Society  of-^ournal.  Vol.  XXIIL  No«.  7-8.     8to.     imL 
Ckm^ical  SocUitj—VTOcoodiagi,  Vol.  XX.  No.  279.    8to.     1004. 

JunrQal  for  April,  mH.    i?o. 
Civil  Jgwoiiwera,  ImtUutiQn  D/^Proceodlngs,  Vol,  OLV,    8vo.     1904. 
Omom,  Frank,  E»q.,  D.Sc.  M,BJ,  (the  AulJi^}^K%pi\TMmi&i  Bacterial  Treat- 
ment of  Londan  Sewage,     8¥0      1904. 
Ont0oin'«r  Acadhn^  dv§  Beietwe§ — Balletin :  ClasBc  dm  Sclenoea  Matbifmatioties^ 

1904,  Noa.  1-3^  OliiMe  de  Phiiologie,  1904,  No«,  1-3.     8vo 
EoMt  India  Autjciuiitm—JoiiTn&h  Vol.  XXXV.  No.  'di,    Bvo.     1904, 
Editor* — Aeroiinutjcal  Jqumal  for  April,  1904,    8vo. 
A^trophysical  Journal  for  April,  1&04.    8to. 
Alhensum  tor  April,  1904.     4to. 
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»DdI>r^giiliir.&AEm«01.    9w^ 

IbrAintldM.    itei 
I  fiir  April,  1901.    ito, 
ivApd!,ldM^    9m, 

'    ana  lf«iiil]«iglie  for  April.  1S<M.    i^<^ 

Ungineir  isr  A|^,  t9(H,    fol 

Eo^iweiii^  fte  ApviL  19i^.     foL 

Betiew  for  April  1904.     Svo. 

B^ifev  for  ApHl-^UT,  IdM.    »«t 
JcwsaT  for  April-Hftf ,  19*>t    fro 

Bvici^  Dental  Alvoetation  for  April,  19&1.    8vpl 
of  Fhf«c«l  Cbemi^tzy  few  Muvli,  19l>£     Ar^ 

jMzmAl  of  Stal*  Ikdicuw  for  ApnU  1904.    dfO. 

Lav  Jomnul  for  AmiU  1904.     Stou 

London  Tedbmical  EduotioQ  G«jett«  far  April,  1901.    Itou 

Londcvi  ITiiiTcnitr  Oimtte  fat  At«tl.  19l^.    4to. 

MaofaJBay  MaikBt  for  Awil  19IH.    Sro. 

Ho^  EoglMev  for  AprO,  1901.    8m 

Motor  Ou  JouBkl  for  AptiL  1901.    8to. 

Motor  Cir  Wotld  for  April,  im%.    4tc^ 

Mnoeal  l^ie*  for  April,  19(H.    Svcu 

Xftlure  for  April,  l^KM,    ito. 

New  Choich  SiUginiue  for  April-May,  1904.     ftm. 

Page*!  MA^kzme  f«r  April-Maj.  1904.    Svo. 

Pfcotopuphic  N't'wa  for  .\pril,  1904.     »fo. 

FbTncal  Eeview  for  April,  190i.     Stol 

pQbDe  Health  Engineer  for  AptfL  1904«    8f  o. 

Scteii«e  AbrtiKlB  for  April,  190A.    fim 

TrttTtl  for  April.  1904-     Sto. 

Zoophilist  for  April,  190L    4to. 
SUekwl  Engiman,  Iwttiimiim  f/-^oanutJ,  Vol.  XXXIIL  Fart  2.    dm.    im. 
FItfMHM,  .BOlMfl^  ygffapofg-  Bnlleiin  for  April,  19<H.     Svq, 
^VmiH&i  JM^tei^-^oimMl,  ToL  CLYU,  No,  4.    8td.     IdOi. 
geadtttriifliif  ^iaeMIr*  Bpfo'-^o^u^*!*  "^'^l^  XXIII.  No.  5.    Svck     1904. 
OtJagkai  JSbeWy— Abcfcncti  of  Proeeedinp.  Noa.  793.  794.     liMH. 

Imperiat  Imtttuft — Tecbmcal  Report*  and  Scientific  Papera.    Edited  by  W.  IL 

DaoAtAti.    8ro.     190^ 
JtAuM  Ui^fkint  riiilwrfil^American  Joiuiial  of  Fbilology,  VoL  XXIY  No.  •!» 

8m     39(13. 
Jordan,  IF.  LeN^hion,  £«?.,  M.B.L  (HU  jKthory^As^uoausal  nnd  Histuriml 

Chrowdofcy.    8ti>.    1904. 
A'atMOf  I?iijwrfj^y— BdKicte  Bulletin,  Vol.  Q.  Nc«.  l-».    Svo.     ldU3. 
i:/»i»*«»&e«*<^-^<nm>ia :  liotaiij, TTol  XXXVl.  No.  253;  Eodcgy,  Vol.  XXCS. 

No.  189,    Sto,     1901. 
Manehetttt  LiUrtirv  and  PhilotopMrnl  Sboiwly— M^moirH  and  Pioceedntn,  T«l. 

SLVITI.  Part  2.     8to.     1904. 
JfaKeft**j!*r  i)f£iim  L'iet*'  A»»ociaticn — Twenty 'flrst  AnDtiftl  Re^po^t  of  the  Botnl 

of  Trade  ob  the  Working  of  the  XloUtt  Exploiiotia  Act  1882,  Noa.  l38S-l45a 

4to.     1U04. 
Met^orologicid  C^»— B«port  of  tJie  Metet^iological  Council  to  tbe  Bojal  :H>clrf7. 

1903.    «TO.     1904. 
MieroKopical  SoeiVy,  /i'^vol— JouTDal,  1904,  Part  t.    8Ta 
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ifitnie^  iZoyaZ  ^ooclemy  0/ /8c»0nees--Sitzang8bericht6, 190S,  Heft  y.    870.    1904. 

Navy  League — Navy  League  Journal  for  May,  1904.    8vo. 

New  Zealand,  Begistrar'-GmeraVi  Offioe—Si&tMtica  of  the  Colony  for  1902.    fol. 

1903. 
Norih  of  England  InttitviU  of  Mining  Engineer$ — Transactions,  Vol.  LL  Part  7; 
Vol.  LIII.  Part  3;  Vol.  LIV.  Parts  3^4.    8vo.     1904. 
Subject  Matter  Index  of  Metallurgical  Literature,  1901.     8to.     1904. 
Odontologioal  ^Sbeiety— Transactions,  Vol.  XXXVI.  No.  5.    8vo.    1904. 
Pharmaceutical  Society  of  Great  Britain-Journal  for  April,  1904.    870. 
Photographic  Society,  ifoyoZ— Journal,  Vol.  XLIV.  No.  3.    8?o.    1904. 
Quekett  Mieroacopioal  CZu6— -Journal  for  April,  1904.    8to. 
Rome,  Miniitry  of  Public  WorJa — Giomale  del  Genio  Oivile  for  November,  1908. 

8vo. 
Boyal  Society  of  Edinburgh— Fioceedinf^  Vol.  XXV.  Na  2.    8vo.    1904. 
Royal  Society  of  Xondon— Philosophical  TransaotionB,  B,  Nob.  227-228.  4to.   1904. 
Proceedings,  Nos.  492-493.    8vo.     1904. 
Tear  Book,  1904.    8vo. 
Selbome  Society— Nature  Notes  for  April,  1904.    8vo. 
Shanks^  /.,  Esq.  {the  Author) — Some  neglected  aspects  of  the  Fiscal  Question. 

8vo.    1904. 
Smith,  B.  Leigh,  Esq.,  .1/.i?.  J.— Scottish  G^graphioal  Magazine,  Vol.  XX.  No.  5. 

8vo.    1904. 
Society  of  Arti — Journal  for  April,  1904.    8vo. 

SHrUng,  W^  M.D.  (the  Auihory-^me  Apostles  of  Phvsiolog^.    4to.    1902. 
Sweden,  Royal  Academy  of  Seiencea — Handlingar,  Band  XXXVH.  Nob.  4-6.    4ta 
1903-4. 
Arkiv  for  Botanik,  Band  L  Heft  4.    8vo.    1904. 
Taechini,  Prof  P.,  Hon.  Mem.  R.L  (the  Author)—Memone  della  Sooietk  degU 

SpettroBoopisti  Italiani,  VoL  XXXIU.  Disp.  3.    4to.     1904. 
United  Service  Inatituiion,  Royal-JoumBl  for  AprQ.  1904.    8to. 
United  Statee  Department  of  Agrieulture—Hoiiimy  Weather  Review  for  January, 
1904.    4to. 
Annual  Summarv,  1908.    4to.    1904. 
Experiment  Station  Beoord  for  March,  1904.    8vo. 
CM(«2  iStotM  Patent  CMIos— Official  Ghizette,  Vol.  CIX.  Nob.  4-«.    8va    1904. 
Upntoy  Obicrvatoire  JbKt^orologi^iM— Bulletin,  VoL  XXXV.    4to.    1903-4. 
ferein  nir  BefOrderung  dee  Oenjoerbfleiuee  in  PrtfiMten— Verhandlungen  1904, 

Heft  4.    8vo. 
Vienna,  Imperial  Geological  Jfutitute— Verhandlungen,  1904,  No&  2-4.    8vo. 
Torkehire  PhUoeophical  Ax^y— Annual  Report  for  1908.    8vo.    1904. 
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WEEKLY  ETENDfG   MEETING, 

|Fria*y,  May  13,  1904. 

HiB  GiAOi  Thi   Dukb  op   NoarttuiiBEftLAirBj  K.G,  D.C,L.  F.R,9., 
Presideiit,  id  the  Cli&ir. 

H.  H,  Sphlmann,  Esq,,  F.S.A, 

The  Queen  Vlcioria  Memorial. 


(asstbact.) 


Ok  the  morrow  of  the  death  of  Qneen  Victoria,  it  was  the  uniTersal 
feeling  that  some  moomnent,  some  visible  memorial  of  her  greatne^a 
and  goodnees,  and  of  the  endnring  love  and  respect  of  her  moaraiog 
subjects,  Rboald  be  set  a p  here,  in  the  metropolis  of  the  Empire,  It 
is,  of  coarse,  true  that  thoee  who  de843rTe  a  statne  do  sot  need  one ; 
bat  a  laemorial  ie  the  oonsolation  of  the  eurTiyors,  and,  if  rightly  con- 
oeived,  ia  as  noble  a  tribute  to  their  own  anselfish  gratitude  and  pride 
aa  it  IS  to  the  glorj  of  the  man  or  woman  whom  they  deftire  to 
honour. 

A  heavy  responBibility  lay  upon  the  Oomniittee  appointed  to  de- 
lermine  the  exact  form  the  tDemorlal  was  to  take,  but  there  was  a 
general  confidence  that  the  demands  and  retiuLremeots  would  be  folly 
appreciated,  Eiamplea  abonud^ — examples  that  might  be  foUowea 
ftnd  examples  that  must  be  shunned.  For  there  edst.  aa  were  pre 
aently  to  be  shown,  a  few  noble  monuments  to  great  rulers  departed, 
and  many  failures,  monstrons,  effete,  vulgar  in  turn,  which  seem  to 
have  served  less  to  warn  tlie  public  against  the  false  in  sentiment  and 
the  bad  in  art,  than  to  accustom  and  recoucile  them  to  the  sight  of 
what  ie  poor,  pompous,  and  meretricious.  The  nation  therefor© 
expeete  that  the  memorial  to  Queen  Victoria  shall  be  the  finest  ox- 
preetioii  of  national  feeling  and  of  national  art  to  which  the  race  ctQ 
giye  utterance. 

The  Committee  consisted  of  Viscount  Esher,  Lord  Windsor,  Loid 
Redeedale,  Sir  Edward  Foynter,  P.E,A.^  Sir  William  Emerson,  Sir 
Lawrence  Alma-Tadema,  E.A.,  Mr.  Sidney  Colviu,  and  General  Sir 
Arthur  EUis — a  oonunittee  which  commanded  the  confidence  alike  of 
artiste  and  public^ 

Seeing  the  necessity  of  appointing  a  sculptor,  rather  than  open- 
ing a  competition  from  which  probably  moat  leatliug  sculptors  would 
on  principle  hold  aloof,  the  committee  placed  the  commissi  on  outright 
in  tiie  hands  of  Mr.  Thomas  Brock,  E.A. ;  and  they  decided  on  opefi- 
ing  a  limited  competition  of  selected  architects  of  the  greatest  emi- 
nence. On  the  wiimer  would  faU  the  duty  of  laying  out  the  whale 
ground   &Qm  end  to  end,  and  providing  the  arckitectmul  settiug^ 
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Tliree  represented  Engl&tid — 'Mr.  T.  G.  Jackflon,  B.A,,  Hr,  Ernest 
George,  and  Mr.  Aston  Webb»  K-A- ;  one  represetitod  Scotland — Sir 
Rowand  Anderson ;  and  one,  Iraland^ — Sir  Thomas  Drew,  P,R.H.A. 

[Before  tbe  designs  of  the  artists  were  examined,  a  aeries  of  the 
leading  monumeute  of  Europe  were  Ibrown  upon  tbe  screea,  in  order 
tbat  the  sight  of  what  had  been  dotie  in  modem  times  by  foreign 
countries  and  peoples,  might  better  eqntp  the  andienoe  for  forming 
a  clear  judgment  in  the  eompatition  whieh  the  Committee  were 
called  upon  to  decide ;  and  that  they  mtght  compare  this  English 
Bchsjue  with  what  has  been  done  elsewhere  by  the  greatest  artists  by 
the  most  glory-loTing  and  art-loving  nation  of  Europe.] 

The  following  monutnents  were  taken  in  order,  commented  upon 
and  criticiiod,  and  were  pictorially  illustrated  upon  the  screen.  First 
those  of  Rnssia :  "  Peter  the  Great,*^  vast  in  siae  aud  wonderful  in 
balance^  which  occupied  twelve  years  in  execution ;  the  "  Coluuiu  to 
Aleiander  I,"  a  luonoHth,  84  feet  high,  weighing  400  tons,  and  costing 
400,000^.;  ^*  Nicholas  L";  and  *' Catherine  Ih"  49  feet  high,  the 
£.nest  of  the  works  entirely  carried  out  by  Russian  artists,  though 
cast  by  an  Englishman.  The  chief  Austrian  work,  the  monument  to 
tbe  **  Empress  Maria  Theresa  "  (62  feet  high),  by  von  Zumbusch  and 
Hasenauer,  which  occupied  fourteen  years,  and  oust  72,6002. ;  tbe 
French  memorials  to  M.  Gambetta  and  M«  Car  not ;  the  eztraorditiary 
model  for  the  monument  now  being  set  up  to  "  Alfonso  XIL,"  by 
Bignor  Querol,  since  simplified  from  the  excessively  baro<^ue  sketch, 
foarcely  to  be  considered  as  sariouB  sculptnre  ;  the  attenuated  Gothic 
canopy  at  Laeken,  highly  decorated  but  ill-coiiBtructed,  covering  a 
stetne  of  '*  King  Leopold  L,"  the  couBolidator  of  the  Belgian  monarchy 
— were  all  passed  in  review.     Then  followed  others. 

The  noble  statue  memorial  to  the  '*  Emperor  Frederick  tbe  Great/' 
Bet  up  in  Berlin  in  X8&1  by  the  aculptor  Hauch-^with  its  horse  and 
ridert  its  equestrian  groups,  its  reliefs,  attd  its  42  feet  of  height — is 
perhaps  the  tioest  of  all  such  modern  works  now  in  existence.  The 
"  National  Monument*'  of  *^  Germania,"  in  the  Niederwald,  symbolis- 
ing the  unity  and  streugth  of  the  newly  established  German  Empire, 
cost  55,000^.,  and  occupied  six  years  in  construction,  the  height 
being  not  less  than  111  feet*  The  two  latest  memorials  in 
Berlin  are  both  by  Herr  Reinbold  Begas,  the  German  Emperor's 
favourite  sculptor  ;  the  one  of  **  Bismarck  "  and  the  other  of  "  The 
Kaiser  Wilbolm  the  Great,'^  both  colo«is4(l  in  idze,  and  both,  in  spite 
of  all  the  clevemeBs  displayed,  conspicnoufily  lacking  in  certain 
qualities  which  should  always  distinguish  the  plastic  art.  The  la,st- 
named  work,  29  feet  high,  is  backed  by  a  long  colonnade— a  feature 
common  to  the  '*  Empress  Augusta  "  monument  at  Coblenz  (by  Pto* 
feiftor  Nives  and  Carlo  Schmitz),  to  the  Spanish  monument  already 
alluded  to,  aud  to  Mr.  Brook's  memorial  to  Queen  Victoria,  and  by 
far  the  most  noteworthy  of  all  modern  monuments  now  in  exiitenoe 
— the  TBst  national  **  Memtirial  to  King  Victor  Emanuel/'  now  in 
oourse  of  erection  at  Rome.     This  ononnous  structure,  a  vast  scenic, 
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arcbitectoBic  ^reen  on  the  Capitol  iue  Hil],  hj  Sigoor  Socconi,  wu 
begun  m  1884,  and  was  estitnftted  to  cost  360,0001. ;  but,  by  189S, 
l,1H0,000f.  bad  been  epent,  and  by  tbe  time  it  is  fiai»bed,  with  iH 
QoloH^  eqnesferian  by  Sign  or  Cbiaradia,  its  vast  halb,  terraces,  etc, 
not  lees  a  smn  tban  2,000,000 1  ^ill  bave  been  expended — the  tribute 
of  impoTerisbed  Italy  to  her  great  King ;  while  to  our  greater  Qtie«n, 
wealthy  England  has  aa  yet  Babacribed  bat  one-etgbth  of  that 
amount. 

With  theee  works  before  our  eyes^  and  the  details  of  cofit  and 
periods  of  eonslructioa,  we  should  be  in  a  better  position  to  form  a 
fair  judgment  of  what  the  Queen  Victoria  Memorial  is  to  be.  The 
conditions  of  the  competition  were  Terbal  and  necessarily  vague,  and 
wide  enough  to  aroid  hampering  the  architects  ;  and  as  the  amount 
that  would  be  fiubfioribed  could  not  be  known ,  no  estiuiBte  or  limit  of 
ooet  eonld  be  suggested.  A  plan  of  the  Mall  was  proyided;  a 
en^estion  was  made  as  to  the  designing  of  a  Prooessional  Rood, 
opening  out  at  the  eastern  end,  with  an  architect  oral  setting  for  the 
monument  and  with  a  necessary  laying  out  of  the  ground  on  the  we«t, 
with  the  further  statement  th&t  Mr,  Brock  would  d^ign  the  monu- 
ment, to  which  the  architectural  structures  in  the  west  would 
necessarily  be  subordinate.  Mr.  Brock  met  the  architects  in  couueil, 
ftnd  eiplained  his  ideas  by  the  rough  model  he  has  made. 

In  July  1901  tha  annouD cement  of  Mr.  Aston  Webb's  succea 
was  made,  and  a  pnblio  exhibition  of  the  Tarious  designs  was  held  in 
St.  James's  Palace.  In  view  of  the  great  skill  and  eminence  of  eaeb 
competing  arokitect,  much  was  to  be  said  for  each  iudiyidnal  daei^a, 
but  there  is  little  doubt  that  the  general  feeling  has  cordidUy 
endorsed  the  finding  of  the  Committee  and  the  approval  of  the  ECng. 

[These  designs  were  next  considered — that  of  Mr.  T.  G.  Jack^n, 
with  its  noble  and  imposing  triumphal  arch,  its  central  allee,  and  its 
colonnaded  forecourt ;  that  of  Mr.  Ernest  George,  with  its  beantifol 
five- way  gate-way,  and  its  original  elongated  parterre  and  fountains 
east  and  west,  its  groui>ed  columns,  and  semi-circular  screen  ;  that 
of  Sir  Thomas  Drew,  with  its  re-alignment  of  the  Mall,  with  its  fore- 
court of  stately  buildinga  on  the  east,  its  triumphal  arch»  and  partico- 
larly  the  reconstructed  face  of  Btickingham  Palace  (which  detail  by 
itself  would  cost  from  100,0001  to  120,000/,)  ;  that  of  Sir  KowaEd 
Anderson,  with  its  great  archway  at  the  eastern  end,  and  the  elabo- 
rate design  for  the  statue  itself  at  the  west,  at  the  oentre  of  a  semi' 
circular  plateau— all  were  passed  in  review,  in  elevation  and  plan. 
In  respect  to  the  two  last-mentioned  architects,  it  was  pointed  out 
that  neither  the  refacing  of  the  palace,  nor  the  designing  of  the  statne, 
came  within  the  scope  of  the  competition »] 

The  design  of  Mr.  Aston  Webb  has  been  held  to  compriae  tb« 
greatest  number  of  the  best  and  most  praotical  ideas ;  with  the  fine 
and  eminently  practical  opening  to  the  east,  with  good  vistas,  and 
a  general  symmetrical  design  and  ensembLe,  relativelj  modest,  and 
well  calculated  to  be  a  setting  to  the  monument  and  not  unduly  10 
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m  with  it,  the  ftppmpri&teDess,  praetit^  and  oraametital,  of  the 
design  from  beginning  to  eud — especiaUj  with  oertain  modifications 
now  introduced — theso  were  the  merits  which  have  secured  it  the 
support  of  the  Committee  to  whom  fell  the  difficnlt  taik  of  selecting 
stnotig  tbe  line  desigtis  of  ^ver^al  of  the  leading  architeete  of  the  daj. 
Mr.  Webb  is  to  be  credited  with  haTtng  the  widest  experienoe  in  lajr* 
ing  ont  plane  on  a  large  scale,  and  in  such  work  In  harmonising  the 
olaimB  of  tbe  artist  with  the  needs  of  the  public  and  the  exigencies  of 
official  reqniremente.  He  has  rejoioed  in  the  opportniiit7,  rare  in 
England  I  of  bringing  a  fine  road  straight  up  to  the  great  feature  to 
be  yiewed.  AJthongh  everjoue  abroad  recognises  this  simple  and 
obTioiie  trathj  in  England  it  has  been  oonsistentlj  ignored  even  to 
the  present  day.  In  other  countries  the  road  leads  up  to  tbe  object, 
or  |4lace»  or  view ;  in  England  we  approach  them  sidewayg.  You 
cannot  drive  straight  up  to  the  Banqueting  Hall  at  Whitehall,  to  the 
Mansion  House,  to  the  Bnnk,  to  the  Houses  of  Parliament^  to  Somer- 
eet  HonBe»  to  the  British  Museum,  or  see  them  from  any  approaching 
roadway  without  tumiDg  your  head.  St  James's  Palaoe  is  one  of  the 
only  buildings  which  can  &irly  be  driven  np  to..  ETen  the  recently 
erected  Law  Courts  and  Albert  Memorial  are  passed  by  sideways 
on  the  road. 

If  the  Processional  Eoad  were  carried  straight,  with  a  Tiew  to 
making  an  outlet  on  the  east,  it  would  ha^e  necessitated  the  wcqm* 
■ition  of  Brummond's  Bank  at  a  probable  cost  of  150,(K>0i.  or 
300,000^.,  and  the  result  would  be  an  oblique  opening  into  VV^hiteball^ 
ending  do  where,  arid  repealing  a  view  of  a  gigantic  specimen  of  ex- 
tremely commonplace  hotel  architecture. 

Therefore,  taking  tbe  central  axis  of  the  West  Strand,  and  baring 
in  mind  tbe  noble  etfeet  of  that  great  thoroughfare,  making  it  inter- 
sect with  the  axis  of  tbe  Mallr  Mr.  Webb  obtained  a  point  jost  behind 
Prnmmond's  Bank,  where  he  masks  more  or  less  the  change  of  luds 
by  a  iarge  circular  **  place,"  in  tbe  centre  of  which  he  proposes  to 
erect  a  Blatue  of  Queeu  Yietoria  at  the  time  of  her  aooeBsion,  so  that 
the  figure  of  tbe  Queen  at  the  commencement  of  her  reign,  began  in 
hopefulness,  looks  towards  the  end  of  it,  accomplished  in  splendour. 
Large  spaces  are  equally  to  be  left  opposite  Waterloo  Place  and 
Harl borough  Gate,  until  with  a  pleaMng  series  of  statuary  at  the 
west  we  come  to  the  groat  ceutral  feature  of  Mr.  Webb's  design. 
Here  we  have  careful  and  thoughtful  planning,  with  approaches  from 
Oongtitution  HiU  on  tbe  right  aud  Buckingbam  Palace  on  the  left, 
symmetrical  aud  monumental,  with  a  large  opening  into  the  fore- 
court from  the  Mall  as  uell  as  north  and  ^uth,  from  all  three  of 
which  points  an  unimpeded  Tiew  of  Mr.  Brock's  monument  may  be 
obtained.  There  are  to  be  fountains  ittside  the  colottnade,  and  the 
monument  is  backed  b}*  a  screen.  By  the  later  modifications,  the 
roadway  outsido  the  quatlraiit  of  the  oolounade  is  brought  wttbin  and 
nearer  to  the  palace,  and  the  traffic  is  tuken  inside  the  great  forecourt, 
in  order  that  the  people  should  not  be  bauished  so  far  away,  and  that 
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the  gaiety  And  contignitj  of  paeserB-by  maj  be  retained.  Tbe  double 
coloT}na<!e  is  therefore  brought  up  to  the  water  edge^  and  the  prefleot 
balustrade  as  it  is  eeen  toniay  ia  but  the  firat  course  of  the  ottter  pirt 
of  it  Other  alteratioDS  have  beeo  TDade,  bat  it  is  hoped  the  cbarm- 
ing  vieta  of  the  Foreign  OUce  and  Westoiiuster  in  the  diataiioe  maj 
still  he  eecnried.  The  high  architectural  screen  origin aUy  deaigiied 
is  now  replaced  by  a  lower  ^ut  still  more  effective  balustrade  nearer 
to  the  Palace,  whereby  Mr.  Brock's  memorial  will  not  be  interfered 
with,  and  the  view  from  the  palace  windows  will  no  longier  be  im- 
peded. 

Taking  the  Whitehall  end,  we  see  that  the  great  cirens^  some- 
what reduced  from  the  original  sife,  ia  brought  slightly  westward, 
and  Bpace  is  thus  made  for  the  erection  of  a  large  GoTernmeut 
building  of  a  decoratiTo  smd  monumental  character,  with  a  circular 
** place'*  on  each  side  of  it  It  is  intended  that  this  new  buildiog 
should  be  devoted  to  Admiralty  pnr poses,  and  in  tiie  centre  of  it  will 
rise  a  gr^t  monumeutal  arc  way,  with  which  the  ProcessiouaJ  Road 
will  end  worthily,  for  a  utilitarian  Government,  with  a  public  build- 
ing. The  eastern  and  weatorn  faoea  of  the  building  will  be  cr^ceDt- 
shaped,  so  that  the  alight  irregularity  ijf  ita  site  and  the  change 
in  itfi  alignment  ^vill  be,  it  is  hoped,  entirely  masked.  From  ttna 
point  the  Processional  Eoad,  as  far  us  the  space  opposite  the  Duke  of 
York^s  column,  is  narrower  than  the  ret^t,  owing  to  eri^rencies  of  the 
ground,  but  between  there  and  the  Memorial  the  measurements  are 
more  imposing.  The  total  number  of  trees,  with  tbuse  newly  planledi 
remains  the  same  as  before.  The  width  of  the  chief  road  is  65  feet, 
which  in  relation  to  ita  leogth  and  to  the  traffic  does  not  compare  ill 
with  the  90  feet  of  the  Champs  Elys^s,  There  ia  an  allee  of  trees 
with  |mths  25  feet  wide  on  each  side.  These  form  vistae,  and  will  be 
furnished  at  each  break  with  groups  of  sculpture.  The  etatues  at  the 
foot  of  the  steps  below  the  Duke  of  York's  column  will  represent  the 
Eastern  Bom iniona^ that  is  to  sty,  there  will  h%  handsome  gateways, 
and  between  them  an  important  group  symbolical  of  the  *'  GeniuB  of 
Orient,"  Four  subsidiary  groups  of  statuary  will  represent  '•  Ceylon," 
"  Bsrbfldoes,''  the  "China  Ports,"  and  '^'india,'*  Opposite  Marl- 
borough Gatij  there  will  be  another  handsome  gateway  mto  the  park, 
and  the  *^  place/'  100  feet  across,  will  be  embellished  with  groups  of 
statnaiy  symbolical  of  the  Western  Dominions,  comprising ''Australi^^ 
'*  Canada,"  *' Newfound  laud,"  and  "New  Zealand."  At  the  Westen 
end  of  the  Procesfiional  Hood  are  the  two  groups  of  statuary  repre- 
sentiog  South  Africa—'*  the  Cape  "  and  '*  Natal:''  The  ugly  electrio 
light  staudards  now  set  up  are  temporary.  Au  elaborate  system  of 
lamps,  in  groups  and  dnstars,  will  be  Mr.  Brock's  special  charge, 
and  will  be  in  sculptured  bronze,  oo  that  there  will  be,  as  regards  ti» 
memorial  itself,  three  concentric  circles  of  light,  which  will  mark  the 
construction,  and  which,  with  the  lamps  along  the  stone  baltifitnde 
enclosing  the  forecourt  nearer  to  the  Palace  (the  balustrade  being 
10  feet  high),  will  produce  a  very  £ne  efieot  at  night.     There  will  bf 
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an  opetiing  of  th€  Memonal  from  Birdoige  Walk  on  the  aonth, 
wheuce  »  view  of  one  of  the  finest  gronpg  will  be  afforded,  and 
simil&i-lf,  from  the  north,  another,  bj  a  tree-gkirted  tapU  vert — a 
gmsfl-planted  arenue  of  the  same  width  as  the  main  roade  (66  feet), 
which  will  eitond  northward  in  the  Green  Park«  and  eo  bring  the 
monnment  directly  in  touch  with  Piccadilly.  It  will  also  be 
approached  by  haodfiom©  gates  and  piers, 

Mr,  Webb  has  adopted  a  style  of  quiet  and  nnpretentiotis  Cksdo 
type^  dignitiod,  htti-moniotis,  and  aufliciontly  monutDontal,  aJid  con- 
tietsntly  in  sympathy  with  the  work  of  the  sculptor^  so  that  the  result 
of  thig  cordial  collaboration  will  be  n  great  work  of  decoration,  which 
will  h&  A  tine  ornament  to  London,  and  a  worthy  bequest  of  the 
twentieth  century  to  tbe  London  of  the  future. 

[Coming  to  the  work  of  Mr.  Brock,  the  lecturer  threw  upon  the 
screen  several  of  his  most  notable  works  in  order  to  show  the  eculptor'e 
deirelopment,  during  his  career,  in  style  and  achievement.] 

Tbe  filial  model  for  the  great  central  motmment,  completed  in  its 
partSf  has  been  elaborated  as  a  precaution  against  such  eventualities 
as  fate  might  have  in  store  for  the  scnlptor  before  he  began  a  single 
touch  on  the  work  itself.  The  model  is  7  feet  6  inches  high,  and 
being  on  a  one-tenth  scale,  represents  a  total  height  from  the  base 
to  the  top  of  the  Yictory's  wing  of  75  feet.  This  idea  is  to  represent 
the  Groat  Queen  flitting  limid  the  |L>er8oni£cationa  of  the  personal 
qualities  that  made  her  great.  At  the  right  is  a  group  representing 
"Justice"  at  the  left  "Truth;'  and  at  the  back  "Motherhood. 
**  Courage  "  oo  the  right  and  *' Constancy  "  on  the  left,  qualities  which 
with  the  others  bring  about  the  triumph  of  '*  Victory  " — "  Victory  *' 
which  Burmoonts  and  dominates  ae^  it  were  the  whole  structure  of  her 
virtues  and  surmounts  her  glorious  reign.  Bound  the  base  are  freely- 
trtrated  t^hips*  prows,  two  bearing  trophies  suggestive  of  the  Army  and 
Jfavy,  and  twu,  fruits  and  flowers  suggestive  of  Commerce  and  Pros- 
perity. Above  the  slightly  pyramidal  core  at  tbe  feet  of  Constancy 
and  (!ournge  appears  an  Eagle— the  Eagle  of  Empire,  a  most  valuable 
and  felicitous  architectural  form. 

The  statue  of  the  Queen >  which  as  it  site  will  be  12  feet  hiph,  is 
draped  in  robes  of  State»  the  only  instance  in  which  the  seated  Queen 
wears  ht^r  robes  from  the  shoulders.  On  each  side  of  the  platforms 
is  a  great  fountain  discharging  down  steps  into  a  basin  160  feet  long 
by  28  feet  across.  That  on  the  right  typifies  '^  Power,*'  with  figures 
representing  the  Army  and  Navy— the  foundations  of  the  Monarchy. 
A  Sea-Nymph  is  below,  and  on  the  right  and  left  are  bronze  reliefs 
elaborating  the  idea  of  the  two  Services.  Tbe  parapet  is  8  feet 
6  inches  high.  Corresponding  with  this  motif  of  Power,  there  is  on 
the  other  side  **  Intelligence/'  the  figures  representing  Science  and 
Art,  A  Triton  reclines  beluu,  and  the  figiire&  represent  Progress, 
Science  and  Art.  The  water  is  obtained  from  the  overflow  of  the 
Serpentine,  will  run  clay  and  night,  and  fall  into  the  ornament^ 
waters  of  St.  James's  Park  below.     Around  the  central  feature  four 


646      Jfr.  M.  M.  Spielniosn  on  Queen  Victoria  Memorial.       [May  13i 


itajtiefl  accompanied  bj  lioiiB  will  be  erected.  They  represent  *'  Pn^ 
gr6^'*  and  "Peace"  in  front,  and  '^Manufacture'*  and  " Agricultuf©" 
be  bind.  The  Hubjeots  of  tbe  two  fountains  to  be  erectad  iu  tbe  s^mi- 
ciroalar  colonnade  are  "  Empire  "  and  "Progreaa,"  and  giashing  water 
will  make  contiiiual  play  of  light  and  sound,  and  add  gaiety  to  the 
^aea  and  Bower-planted  enclosure  called  ''The  Queen's  Garden/' 
The  wholo  work  is  to  be  tarried  out  in  the  finest  and  most  enduring 
materials,  both  the  sculptu till  antl  architectural  portions.  The  groups 
of  sculpture  on  the  Proooaeional  Road  will  also  be  under  the  enntiol 
of  Mr.  Brock}  who  will  doubtl^^  pla<>e  commissions  among  the  most 
ootupetent  of  our  younger  sculptors,  and,  being  respousible  for  thorn, 
will  see  that  they  harmonise  in  design  and  in  spirit  with  the  general 
Bcheme, 

The  one  unsatisfactory  feature  is  the  necessary  retentioEi  of  the 
present  commonplace  fa^e  of  the  Palace,  which  cau  only  be  regarileti 
fts  a  miserable  anti -climax*  Mr,  Webb  improves  the  sky-lintJ  by 
placing  Mansard  roofs  ou  the  centre  and  ends  of  the  east  front  \  bat 
that  is  not  enough.  Now  that  wo  have  a  magnificent  Prooe^ional 
Bead,  one  of  the  finest  in  Europe,  to  lead  up  to  the  Palace,  we  ought 
to  hare  a  fine  Palace  for  this  magnificent  roid  to  lead  up  to.  When 
that  is  done  we  ehoU  haye  performed  our  task  completely,  and  paid 
the  tribute  of  our  homage  to  Queen  Victoria. 

So  far  as  the  work  has  proceeded  it  presents  a  mere  sketch  of  the 
imposing  aspect  of  the  eompletetl  work.  It  may  be  inished  in  five 
to  He  von  years,  a  period  which  is  but  a  brief  space  compared  with  the 
time  occupied  on  the  Albert  Memorial,  and  the  Nelson  Memorial, 
and  the  years  which  have  been  expended  on  the  Victor  Emaatiel 
Monument  in  Eome.  We  shall  see  a  memorial  worthy  of  the  arti«ta 
who  fashioned  it,  and  not  nnworthy^  it  is  hoped,  of  the  Nation  who 
laised  it  and  of  the  noble  Sovereign  whose  memory  it  is  designed  to 
honour. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  27,  1904. 

TttK  Right  Hon.  Loed  Kelvih,  G.aV.O.  D.C.L.  LL.D.  D.Sc.  F,R.8., 
Vice-President,  in  tlie  Cliair. 

H3.H.  Albert  L,  Pbincb  of  Moitaco. 
The  Progreu  of  Marine  Biology. 


Fob  some  few  years  [mst  the  ailvaiicefl  made  by  oceanography  haro 
been  very  marked,  tbaaks  to  the  rivalry  which  has  grown  up 
between  different  peoples.  The  Euglieh,  the  Americans,  the  Germans, 
the  Belgi&nB,  tbe  3caQdiniina,[is,  and  the  Hn^iant  have  made  great 
eflforts  in  this  difectiou,  while  France^  Italy,  Austria  and  Porttigal 
have  not  remained  ontslde  of  the  movement,  Confiequently  tEis 
setence  in  its  principal  fe&ttires  m  already  pretty  well  known. 

Bat  oceanography  touches  many  departments  of  science,  and 
amongst  them  marine  biology  is  for  t^e  moment  the  least  advanced, 
because  it  requires  researches  of  a  particularly  difficult  kind.  It  is 
to  it  that  I  have  more  particularly  devoted  my  attentiuu,  and  it  is  of 
it  that  I  propose  to  speak  this  evening. 

From  the  reports  of  many  ira porta ut  eipe<lition§,  you  are  already 
well  aw»re  how  universally  distributed  life  ie^  even  ia  the  greatest 
depths  of  tLe  sea  ;  nevertheless,  the  means  employed  in  this  kind  of 
investigation  have  been,  as  a  rule,  trx)  primitive  to  furnish  very 
complete  results.  lu  my  own  personal  oceanographical  work  I 
have,  for  long,  employed  new  means  and  methods,  which  attract 
different  groups  of  marine  animals^  each  according  to  its  own 
charjicteristic  instincts,  and  I  have  been  able  in  this  way  to  add  to 
our  knowledge  of  zoology. 

It  ts  not  J  however,  enongh  to  collect.  We  must  also  endeavour 
lo  penetrate  tbe  mystery  of  the  laws  which  regulate  life  in  tbe 
medium  of  the  rea,  so  different  in  alm<»st  all  respects  from  that  of 
the  air.  For  this  the  oceanographer  requires  the  collaboration  of 
the  biologist  and  the  pbyslologiBt. 

Not  iinfreqneutly  unexpected  circumstances  open  to  the  observef 
new  horizODs,  to  be  afterwards  ecplored  by  scieoce.  It  is  thus  that 
finding  mytwlf  among  the  islands  of  the  Azores,  to  which  my  oceauo- 
graphical  researches  have  fref|nGntly  conducted  me,  I  assisted  at  the 
capture  of  a  cachalot ^  or  sperm  whale,  by  tbe  whalers  of  the  oonntry ; 
simple  peasants,  who  launch  their  well  appointed  whale  boats  the 
moment  that  the  appearance  of  a  fish  ie  signalled  by  tbe  look-out 
maUf  who  is  continually  stationed  on  a  little  bill  in  their  neighbour- 
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1io£m!,  and  I  li«Te  Been  bow  th«ee  mammAls  ^o  to  the  intermediate 
depths  of  the  ocean  in  search  of  the  great  oepbalopods  which  form 
their  eiclnsife  Dourishment.  When  the  cuchaloi  in  qaestion  catne 
to  endure  the  convulsinns  of  deaths  its  ittomacb  rejected  enoTiuoos 
fTagments  of  the  prej  which  it  b»d  captured  during  its  last  mounding. 

It  is  in  this  way  that  I  have  reoognisfd  the  exietenoe  of  a  fauna 
remarkAbk  for  the  si^  aud  the  niunbL^r  of  it«  componet)l&«  relegated 
to  the  etionnons  space  which  fiepatatas  the  sarfao©  from  the  gmt 
depths,  but  whose  organiaation  presents  its  dsiDg  to  the  regions 
iUuminated  by  the  light  of  the  stin  arvd  probably  also  its  deeceud- 
ing  to  the  bottom^  when  this  lies  beyond  a  certain  depth. 

What  other  grotips  of  living  animals  inhabit  thesu  regions  ?  We 
know  nothing  of  them  yet,  but  we  may  believe  that  they  abound, 
because  beings  as  powerful  as  these  cephalopoda  require  much 
nourish  metit. 

So  soon  as  I  understood  the  importance  of  researches  capable  of 
throwing  ligbt  on  the  life  which  exists  in  regions  itia<x:essible  to  our 
ordinary  meaos^  I  e&tablishf^  on  board  of  my  ship  all  ttte  equipments 
of  a  whaler^  namely^  three  whale  boats  each  carrying  a  harpoon  gun, 
several  harpoons,  a  lance  and  a  thousand  metres  of  line,  and  I  added 
to  the  complement  of  my  ship  an  experienced  Scotti&h  ^^haler.  The 
results  cif  this  organiHatioti  have  left  nothing  to  be  desired.  The 
cetaceans  obtained  already  form  ati  interesting  coUeetioo^  and  their 
stomachs  were  abundandantly  fnmiahed  with  tbese  cephahipods. 

In  the  Mediterranean,  where  provioosly  the  oetaeeaus  had  never 
been  hunted,  I  have  taken  several  species  of  Grampus  griaeua^  of  Orca 
gladiator^  of  Gt<ihicepg  melas^  and  1  lost  ft  Baiinopiera  mutculm.  In 
the  Atlantic  Ocean  I  have  found  several  Ol43hicep«  ami  Grampus,  as 
well  as  a  very  rare  speeimen  uf  dolphin,  Sieno  rosiraitt^,  I  have  alec 
lost  a  cetacean  of  moderate  si^e  but  of  undetermined  species. 

The  attack  of  cetaceans,  especially  when  they  are  large,  canses 
the  harponeering  novice  an  emotion  which  diminishes  his  adrtBm^ 
and  even  for  a  good  shot  the  use  of  the  harpoon  gun  is  very  difficnlt 
when  there  is  the  least  motion  of  the  sea.  A  troop  of  animals  has 
been  eigualled.  Their  presence  has  bean  revealed  by  their  blowing, 
or  by  the  regular  reappearance  of  their  backs  at  a  greater  or  less  dis- 
tance from  the  ship,  which  is  then  steered  ton-ar<lB  them.  If  the 
animals  are  of  the  species  already  mention  ml,  the  movement  of  the 
propeller  does  not  trouble  them  ;  on  the  oontrary,  they  may  almost 
always  be  seen  to  come  and  take  up  station  under  the  stern  as  if 
retained  by  curic^ity.  But  some  species,  and  among  them  the 
ctichalotf  seem  to  distrust  this  neighbourhood,  and  care  must  be  taken 
that  they  do  not  hear  even  the  too  marked  sonnd  uf  oars  ;  indeed 
in  such  cases  it  is  preferable  to  nse  paddles  rather  than  oars. 

The  animals  have  found  in  the  depth  a  favourable  bunting  ground, 
and  they  do  not  leave  it.  They  sound  to  this  depth  during  a  time 
which  varies  from  ten  to  forty-five  minutes,  accordiug  to  the  species, 
and  cume  to  the  surface  again  to  breathe  during  four  or  dve  minutest 
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mntiiiig  otit  U  coDtimied  from  thifi  boat,  and  sometinies  ihe  tfai«e 
^h§X^  boats  mre  rapidlj  cle&ped  of  tbdr  imes.  Bat,  with  tlie  frictson 
wliicb  sack  m  lengtl]  of  lice  ofiera,  and  to  wliich  tbe  resistance  ^ 
tlie  boaisi  towed  li«a  to  be  added,  the  cetacean  redaoee  its  speed  rery 
matenalljj  ao  that  there  ia  no  di£caltj  in  maintainiog  it.  Little  bj 
little  the  Line  is  got  back  into  the  boata,  and  after  variotts  altarna- 
tiona  the  weakened  aniTiiftT  adTanoes  more  and  mof«  slowly,  and 
oloee  to  the  sarfaGe,  where  it  la  obliged  to  breathe  more  and  more 
fkequently. 

Oftep  many  boure  have  paased  before  the  fkvonrable  momect 
arrives  for  deflpatching  tbe  unfortatiata  Tietim  and  terminatitig  tb« 
drain <i,  atid  thii)  is  accompfLiiied  by  the  luoi^t  serioufi  ciroumetanoeB  of 
the  whole  eti torpid.  The  e^aasted  animal  stretches  itaelf  on  the 
mahcej  almost  motiuDleea  before  the  boat,  where  tbe  harponeer  now 
holds  a  lanoe  wbieh  has  a  considerable  length,  becanse  it  must  pass 
through  the  whole  thickness  of  the  blubber  and  of  tbe  maecles 
before  it  reaches  the  vital  organs.  He  spproacbes  the  animal  bv 
its  side,  BO  OS  not  to  b©  stmok  by  tbe  tail,  whieh  is  thrown  vio- 
lently into  tbe  air  so  eoon  oe  tbe  cetacean  receives  this  new  wonnd; 
but  it  IB  not  always  possible  to  avoid  being  Strnck  by  a  fLn^  sud 
especially  in  the  case  of  large  animalSf  this  may  wreck  e  boat.  In 
spite  of  all  the  akill  of  the  ercw  an  accident  of  this  kind  may 
occur,  and  I  speak  only  from  memory  of  cases  mentioned  by  variouje 
Daptains  in  which  a  cachalot^  an  old  and  solitary  individnaU  ba£ 
seized  and  cnisbed  between  its  jaws  the  boat  which  has  attack^ 
it.  It  has  even  been  reported  that  two  ships  have  been  sunk  by  these 
animals  in  their  fury,  their  enormous  wedge-shaped  head  becoming 
In  these  circn instances  a  formidable  lasxL, 

When  a  cetacean  of  any  size  has  been  several  times  pierced,  the 
red  track  which  spreads  far  over  the  sea  gives  tbe  idea  of  great  car- 
nage. In  fact  the  cetaceans  contain  a  very  large  amount  of  blood, 
and  before  the  last  hour  when  they  lose  it  in  torrents,  they  have 
already  left  behind  them  a  track  of  ten  or  fifteen  kilometrBS  in  length 
over  which  they  have  towed  tbe  boats, 

I  have  said  that  apart  from  the  interest  which  each  species  Ltf 
cetacean  ofiTt^rs  of  itself  (and  it  appears  that  many  of  them  are  hardly 
known  at  all),  it  is  in  the  first  place  the  contents  of  their  stomachs 
which  occupy  us.  The  species  which  I  have  taken  differ  much  in  the 
nstare  of  their  prey^  and  their  mouths  are  armed  correspondingly. 
The  right  wliaie  is  content  to  absorb  the  Plankton  composed  of  ex- 
tremely small  Buiraals,  which  in  some  regions  form  a  compact  mass, 
a  real  cloud  ;  and  in  order  to  keep  out  objects  too  large  to  pass 
down  its  very  small  throat,  its  jaws  are  fury i shed  with  the  weU 
known  and  valuable  whalebone^  which  acts  as  a  sieve. 

The  Grampus,  tbe  Globiccps  ami  the  Cachalot,  penetrate  to  a 
depth  probably  much  greater  in  search  of  cephalopoda,  and  they 
poBsesa  a  dentition  spEciaUy  organised  for  seizing  the  gelatinous  flesh 
of  the  oephalopods.     The  scare  which  they  b^ar  over  the  whole  of 
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WEEKLY   EVENIN0  MEETING, 

Friilfty,  June  3,  1904, 

Hii  Qbaoi  Thi  Duk£  or  Noethumbbblikp^  K*G.  D.C.L,  P.R.S, 
President,  io  the  CimLr, 

FmteB&OT  SvA^TE  Abbbxious,  of  Stockholm,  Hon,  Mtm,  R,L 

The  Development  of  the  Theory  of  Electrolytic  Ditsodatum. 

At  first  sigh  I  nothing  seems  to  be  more  erident  than  that  eTerjthing 
has  B.  beginDicg  aod  an  end,  and  that  it  is  poesihle  to  divide  eTery- 
thing.      NeTcrtheless,  the  philosophers  of  antif^aitj^  especially  the 

Stoiciflts,  concluded  on  purely  specnlatiTe  gronndsj  that  these  opinioufl 
are  not  nt  nil  necessary.  The  wonderful  development  of  soienoe  hns 
reached  the  s&me  conclusion  as  theee  pMlosophers,  ««p6Gially  Empedo- 
oles  and  Democritus,  who  lived  about  500  y^u^  B,Oi,  and  for  whom 
the  ancients  had  already  a  yivid  admiration. 

Empedocles  professed  that  nothing  is  made  of  nothing,  and  tbit 
it  is  impossible  to  anuihilata  anything.  All  that  happens  in  tlie 
world  depends  upon  a  change  of  form,  and  upon  the  raiitnre  or  the 
Beparation  of  bodies.  Fire,  air,  water  and  earth  are  the  four  ale- 
men  t6  of  which  every  thing  is  composed.  An  everlasting  ciroulation 
is  characteristic  of  Nature. 

The  doctrine  of  Bemocritus  still  more  nearly  coincided  with  oor 
modem  views.  In  his  opinion  bodiefi  are  built  up  of  indeSnttel; 
small  iudi visible  particles,  which  ho  called  atoms.  These  are  dis> 
tingiiished  by  their  form  and  magnitude,  and  also  give  different  pro- 
duclB  by  their  different  modes  of  aggregation. 

This  atomic  theory  was  revived  by  Gaeseudi  about  1650*  and 
then  accepted  by  Boyle  and  Newton.  The  theory  received  a 
greatly  increased  importance  by  the  discovery  by  Dalton  of  the 
law  of  multiple  proportions.  For  instance,  the  different  combi- 
nations of  nitrogen  with  oxygen  contain,  for  each  unit  weight  of 
nitrogen,  0-67,  1*U,  1'72,  2*29  or  2*8$  unit  weights  of  oxygen.* 
Between  these  combinations  there  is  no  intermediate  proportion. 
This  peculiarity  is  characteristic  of  chemistry  in  contradistinction  to 
physics,  where  the  more  simple  continuous  and  gradual  trans itiou 
from  one  state  to  another  prevails.  This  difference  between  the  two 
Bietor-scienoea  baa  often  caused  controversies  in  the  domain  of 
physical  chemistry^    The  occurrence  of  discontinuous  changes  and  of 

•  To  eiplain  this  we  suppoee,  in  accordance  with  Dftlton,  that  the  mdeculffi 
of  the  differatit  eombinationg  of  qitrog-eo  with  oiygeii  oootain  two  atomA  of  nitrogea 
ukd  oua,  twOf  tbr««,  t&ar  or  five  atoms  of  oxjfsn. 
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multiple  proportions  hat  frequotitly  been  aseiUDod,  wbea  a  cloear  in- 
TeatigatioQ  has  fouud  not  Ling  of  the  sort. 

The  law  of  multiple  pr^) portions  is  the  one  fundamental  conception 
^poD  whioh  modern  cliemiatrj  is  built  up.  Another  Is  the  law  of 
Avogadro,  which  aseerta  that  equal  TolumeB  of  difloreut  gasee  under 
like  oonditions  of  temperature  and  pressure  contain  the  eanie  number 
of  inoIecule&.  This  conception,  dating  from  the  beginoing  of  the 
nineteenth  century,  wa«  at  first  strongly  combated,  and  it  wae  its 
great  Talue  in  explaining  tbe  new  discoveries  in  the  rapidly  growing 
domain  of  organic  chemiatry  whioH  led  to  its  general  acceptance  in 
the  mi^ldle  of  the  past  century, 
after  Caunissaro  had  argued 
strongly  in  its  favour. 

There  were,  however,  some 
difficulties  to  he  removed  before 
Avogadro's  law  could  be  accepted. 
For  iustaucef  it  was  found  that 
the  molecular  Toliime  of  sal- 
ftmmoniac,  NH^Clr  in  the  gaseous 
state  was  greater  than  might  be 
en  pec  ted  from  its  chemical  com- 
position. This  led  to  the  aup- 
potitiou  that  the  molecules  of 
■al-ammoniac  when  in  tha  gaseous 
ttate  are  partially  decomposed  into 
ammonia,  NH„  and  hydrochloric 
acid,  HCL  Indeed  v.  Febal  and 
T.  Than  succeeded  in  showing  that 
this  really  happens.  They  oaed 
an  apparatus  that  is  shown  in  the 
annexed  figure  (Fig.  1).  Two  co- 
axal tubes  are  plaoeid  the  one 
inside  the  other  by  means  of  a  cork. 
The  outer  tube  was  closed  at  its 
upper    endf    the    inner    one    was  Yiq,  i. 

open,     and     contained    at     G     a 

diaphragm  of  asbestos  and  above  that  a  piece  of  sal-ammoniac.  The 
upper  end  was  heated  by  an  air*bath,  so  that  the  piece  of  sal-anunoniac 
was  volatilised.  After  this  a  current  of  hydrogen  was  led  through 
both  glasB-tttbod  B  and  £.  Now  ammonia  difl'udes  more  rapidly 
than  hydrochloric  acid;  if,  therefore,  the  vapour  of  sal-ammoniac 
k  partially  decomposed  into  ammonia  and  hydrochloric  acid,  we 
should  expect  that  above  the  asbestos  diaphragm  there  would  be  an 
excess  of  hydrochloric  acid  and  beneath  it  an  excess  of  ammonia. 
This  V.  Fuhal  showed  to  be  the  case.  The  hydrogen-current  from  D 
showed  an  acid  reaction  on  a  piece  of  litmus-paper  in  A^  and  that 
^m  E  showed  an  alkaline  reaction  on  a  similar  piece  of  litmui- 
paper  placed  in  B.    It  was  objected  that  the  decomposition  might 


dfu^t 


5H 


Ffoftmor  Sviinie  Arrhenim 


[June  3, 


possibly  be  caused  by  the  asbeigtOB  of  the  illaphragm,  or  bj  the  hydro- 
gcQ.  V.  ThftD,  therefore,  viade  a  diaphragm  of  sal-ammoniac,  md 
SEbflti toted  Ditrogeo  for  kydiogeti,  but  the  effect  was  the  eame. 

These  experimeDt^  were  performed  in  the  years  1862  and  1864. 
They  were  ba&ed  ou  tb«  doctrine  of  diasociatiou,  which  was  at  that 
tune  (1857)  worked  out  by  Sta.  Olaire-lJe^lle,  and  developeti  by  his 
pnpilg.  From  tbe  most  ancient  times  use  was  made  of  the  fact 
that  limegtfine  at  high  temperatureB  gives  otf'  carbonie  acid,  and  that 
quictdime  remoinB,  This  and  similar  processes  were  studied  by 
Ste>  Claire^Deville.  He  found  that  the  same  law  is  valid  for  th« 
pressure  of  carbonic  acid  over  limestone  and  for  the  pressure  of 
water  vajiour  over  liquid  water  at  different  temperatures.  On  these 
fundamental  researches  the  theory  of  dissociation  was  based,  a  theory 
which  hm  fiiibseqweutly  played  an  eTer-incteasing  role  in  ohemiBtry, 
and  whereby  a  broad  bridge  was  laid  betweeu  physical  and  chemical 
doctriiiee,  a  B 


a  jf  a  M  €1  M  a  K  an 

oo  oo  o©  oo  o  o 


a 


Mtt  «a   Ka  K€i 

oooo  00 oo 


o 


CIM  a  M   CIK    CIK 

OO  oo  oo  oo 


FiO.  2. 


At  almost  exactly  the  same  time  we  fiud  in  the  writings  of 
GHaosIiib  on  the  conductiTity  of  salt  solutions  the  first  traces  of  an 
idea  that  salts  or  other  electrolytes  may  be  partially  dissociated  in 
aqueous  solutions.  Buff  hoti  found  that  even  the  most  minute  electric 
force  is  sufficient  to  drive  a  current  through  a  solution  of  a  salt. 
How  after  the  scheme  of  G-rotthuss,  at  that  time  generally  accepted^ 
the  passage  of  the  electric  current  through  a  solution  is  brought 
about  in  such  manner  that  the  oouducting  molecules,  e.g.  of  potassiuiiL 
chloride  (KOI),  are  divided  into  their  ions,  which  combine  agaio  witJi 
one  another  in  the  following  manner.  At  first,  as  the  cmrent  iB 
closed,  the  electrode  A  becomes  positive  and  the  electrode  B  nega- 
tive. All  the  conducting  molecules  KCl  arrange  themselves  so 
that  they  turn  their  positive  ions  (K)  to  the  negative  electrode  B, 
And  their  negative  ions  (01)  to  tbe  positive  electrode  A,  After  this^ 
on«  chlorine  ion  is  given  up  at  A  and  one  potnssiiim  ion  at  B,  and 
the  other  ions  recombine,  so  that  the  K  of  the  first  molecule  takes 
the  01  of  the  second  molecule^  and  so  on  (Fig;  2).     Then  the  mole- 
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cules  tnm  round  under  the  influence  of  the  electric  force,  so  that 
we  get  the  scheme  3  and  a  new  decomposition  can  take  place.  This 
represents  the  Grotthnss'  scheme,  that  supposes  continuous  decom- 
positions and  recombinations  of  the  salt  molecules. 

As  such  exchanges  of  ions  between  the  molecules  take  place 
even  under  the  influence  of  the  weakest  electromotive  forces,  Glausius 
concluded  that  they  must  also  take  place  if  there  is  no  electric  force, 
i.e.  no  current  at  all.  In  favour  of  his  hypothesis  he  pointed  to 
the  fact  that  Williamson,  as  far  back  aa  1852,  in  his  epoch-making 
theory  of  the  formation  of  ethers,  assumed  an  analogous  exchange  of 
the  constituents  of  the  molecules.  At  this  exchange  of  ions  it  might 
sometimes,  though  extremely  rarely,  happen  that  an  ion  becomes  free 
in  the  solution  for  a  short  time ;  at  least  such  a  conception  would  be 


in  good  agreement  with  the  mechanical  theory  of  heat,  as  it  was 
developed  by  Eronig,  Maxwell,  Clausius  and  others  at  that  time. 

In  the  meantime,  Bouty,  and  particularly  Eohlrausch  worked  out 
the  methods  of  determining  the  electric  conductivity  of  salt  solutions. 
In  1884  I  published  a  memoir  on  this  subject.  I  had  found  that  if 
one  dilutes  a  solution — e.g.  of  zinc  sulphate — its  conductivity  per 
molecule,  or  what  is  called  its  molecular  conductivity,  increases  not 
infinitely,  but  only  to  a  certain  limit.  We  may  figure  to  ourselves  an 
experiment  performed  in  the  following  manner  (Fig.  3).  In  a  trough 
with  parallel  walls  there  are  placed  close  to  two  opposite  sides  two 
plates  of  amalgamated  zinc,  E  Ej.  On  the  horizontal  bottom  of  the 
vessel  there  is  placed  a  layer  of  solution  of  zinc-sulphate  that  reaches 
the  level  1.  The  conductivity  may  be  ky  After  this  has  been  measured 
we  pour  in  so  much  water,  that  after  stirring  the  solution  the  level 
reaches  2,  which  lies  as  much  above  1  as  this  lies  above  the  bottom. 
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The  condactivity  is  then  found  to  be  increased,  and  to  have  the 
Talae  Ir^.  Increasing  in  the  same  manner,  the  Tolame,  by  addition  of 
pnre  water  until  it  is  doubled,  the  level  4  is  reached,  and  the  con- 
ductiTity  is  found  to  be  greater  than  in  the  previous  case — say  k^. 
So  we  may  proceed  furuer  and  further ;  the  oonductiTity  increases, 
but  at  the  end  more  slowly  than  at  the  beginning.  We  approach 
to  a  final  value,  Ig.  This  is  best  seen  in  the  next  diagrams,  which 
represent  the  newer  determinations  of  Eohlrausch  (Figs.  4,  5). 

I  explained  this  experiment  in  the  following  manner.  The  con- 
ductivity depends  upon  the  velocity  with  whidi  the  ions  (Zn  and 
S0|)  of  the  molecules  (ZnSOJ  are  carried  through  the  liquid]  by 
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the  electric  force,  i.e.  the  potential  difference  between  E  and  E,.  If 
this  potential  difference  remains  constant,  the  velocity  depemls 
only  on  the  friction  that  the  ions  iu  their  passage  through  the  liquid 
exert  on  the  surroiiuding  molecules.  As  these,  at  higher  dilutions, 
are  only  water  molecules,  it  miglit  be  expected  that  the  conduc- 
tivity would  remain  constant  and  independent  of  the  dilution  if  it 
be  supposed  that  all  molecules,  ZUSO4,  ^^^  P^^^  ^^  ^^^  electric 
transport.  As  experiment  now  teaches  us  that  the  molecular  con- 
ductivity increases  with  the  dilution,  even  if  this  is  very  high  (1000 
or  more  molecules  of  water  to  one  molecule  of  ZnSO^),  we  are  letl  to 
the  hypothesis  that  not  all,  but  only  a  part  of,  the  ZnSOf  molecules 


1 904.]  an  Development  of  the  Theory  of  Electrolytic  Dissociation.   557 

take  part  in  the  transport  of  electricity.  This  part  increases  with 
the  dilution  in  the  same  proportion  as  the  molecolar  oondactivity  k. 
The  limiting  value  k^  is  approached  at  infinite  dilution,  and  corre- 
sponds to  the  limit  that  all  molecules  conduct  electricity.  The  con- 
ducting part  of  the  molecules  I  called  the  active  part.  It  may 
evidently  be  calculated  as  the  quotient  k :  k^. 

If  now  this  new  conception  were  only  applicable  to  the  explana- 
tion of  the  phenomena  of  electric  conductivity,  its  value  had  not  been 
so  very  great.  But  an  inspection  of  the  numbers  of  Eohlrausch  and 
others  for  the  conductivity  of  the  acids  and  bases,  compared  with  the 
measurements  of  Berthelot  and  Thomson  on  their  relative  strength 
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with  regard  to  their  chemical  effect,  showed  me  that  the  best  con- 
ducting acids  and  bases  are  also  the  strongest.  I  was  thereby  led  to 
suppose  that  the  electrically  active  molecules  are  also  chemically 
active.  On  the  other  hand  the  electrically  inactive  molecules  are 
also  chemically  inactive.  In  this  connection  I  would  mention  the 
remarkable  experiments  of  Gore,  which  were  easily  explained  by  the 
new  manner  of  view.  Concentrated  hydrochloric  acid,  free  from 
water,  has  no  action  on  oxides  or  carbonates.  Now  this  hydrochloric 
acid  is  almost  incapable  of  conducting  the  electric  current,  whereas 
its  aqueous  solutions  conduct  very  well.  The  pure  hydrochloric 
acid  contains,  therefore,  no  (or  extremely  few)  active  molecules,  and 
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this  agrees  Terj  well  with  the  experiments  of  Gore.  In  the  same  wgy 
we  explain  the  fact  that  concentrated  solphnric  acid  may  be  preserved 
in  vessels  of  iron  plates  without  destroying  them,  whereas  this  is  im- 
possible with  the  diluted  acid. 

An  unexpected  conclusion  may  be  deduced  from  this  idea.  As 
all  electrolytes  in  extreme  dilution  are  completely  active,  then  the 
weak  acids  must  increase  in  strength  with  the  dilution,  and  approach 
to  the  strength  of  the  strongest  acids.  This  was  soon  afterwards 
shown  by  Ostwald  to  agree  with  experiments. 

The  Norwegian  natural  philosophers,  Gnldberg  and  Waage,  had 
developed  a  theory  according  to  which  the  strength  of  different  adds 
might  be  measured  as  well  by  their  power  of  displacing  another  acid 
in  solutions  as  by  their  faculty  to  increase  the  velocity  of  chemical 
reactions.  Therefore,  we  may  conclude  that  the  velocity  of  reaction, 
induced  by  an  acid,  would  be  proportional  to  the  quantity  of  active 
molecules  in  it.  I  had  only  a  few  experiments  by  Berthelot  to 
demonstrate  this  proposition,  but  in  1884,  Ostwald  published  a  great 
number  of  observations  that  showed  this  conclusion  to  be  true. 

The  most  far  reaching  conclusion  of  the  conception  of  active 
molecules  was  the  explanation  of  the  heat  of  neutralisation.  As  this 
is  much  more  easily  understood  by  means  of  the  theory  of  electrolytic 
dissociation,  I  anticipate  this  for  a  moment.  According  to  this 
theory  strong  acids  and  bases,  as  well  as  salts,  are  at  great  dilution 

(nearly)  completely  dissociated  in  their  ions,  e.g.  HCl  in  H  4-  CI, 

NaOH  in  Na  +  OH  and  NaCl  in  Na  +  CI.  But  water  is  (nearly) 
not  dissociated  at  all.  Therefore  the  reaction  of  neutralisation  at 
mixing  a  strong  acid,  e.g.  HCl  with  a  strong  base,  e.g.  NaOH,  both 
in  great  dilution,  may  be  represented  by  the  following  equation : 

(H  -f  CI)  +  (Na  -}-  OH)  =  (]fa  +  CI)  4-  HOH ; 
or, 

H  +  OH  =  HOH. 

The  whole  reaction  is  equivalent  to  the  formation  of  water  out  of 

both  its  ions,  H  and  OH,  and  evidently  independent  of  the  nature  of 
the  strong  acid  and  of  the  strong  base.  The  heat  of  any  reaction 
of  this  kind  must  therefore  always  be  the  same  for  equivalent  quan- 
tities of  any  strong  acids  and  bases.  In  reality  it  is  found  to  be 
13,600  cal.  in  all  cases.  This  thermal  equality  was  the  most  pro- 
minent feature  that  thermo-cbemistry  had  discovered. 

It  was  now  asked  in  what  respect  the  active  state  of  the  electro- 
lytes differs  from  the  inactive  one.  On  this  question  I  gave  an  answer 
in  1887.  At  that  time  van't  Hoff  had  formulated  his  wide-reaching 
law  that  the  molecules  in  a  state  of  great  dilution  obey  the  laws  that 
are  valid  for  the  gaseous  state,  if  we  only  replace  the  gas-pressure 
by  the  osmotic  pressure  in  liquids.    As  van't  Hoff  showed,  the  osmotic 
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presfiunj  of  a  diseotved  body  could  mucli  easier  be  determined  by 
belp  of  a  inaiiBijirQment  of  the  freeztug  poiDt  of  the  solution  than 
directly.  Now  both  the  direct  raeRsurements  made  by  De  Vriefl,  as 
also  the  fn^ezing  points  of  electrolytic  sohitions,  showed  a  much 
higher  osiaotic  pressure  than  might  bo  expected  from  the  chemical 
formula.  As  for  instance  tbo  solution  of  1  gram-moiecnle  of  ot hylic 
alcohol — C^H^OH  =  40  grammes — in  one  litre  gives  the  freezing- 
point  —1  •  85'C„cftlcnlatedby  van't  Hoff  the  solution  of  1  gium-molecule 
iif  sodium  chloride — NaCl  =  58*5  grammes^ — in  one  litre  gives  the 
freezing-point  -3*26^=  — 1-75  X  1*85' C.  This  pccuUarity  may  be 
explained  in  the  same  manner  as  the  "  abnormal "  density  of  gaseous 
sal-amtnoniac,  viz.  by  assuming  a  partial  dissociation — to  75  per  cent. 
— of  the  molecules  of  sodium  chloride*  For  then  the  solution  con- 
tains 0^25  gram -molecules  of  NaCi,  0*75  gram-molecules  of  CI  and 
0*  75  gram  molecules  of  Na,  in  all  1  *  75  gram-molecules.  Now  we  have 
Heen  before  how  we  may  calculate  the  number  of  active  molecules  iu 
the  same  solution  of  eodiuni  chloride,  and  we  find  by  Kolilrauseh's 
measurements  precisolj*  tlm  number  6-75,  From  this  I  was  led  to 
suppose  that  the  active  molecules  of  the  salts  are  divided  into  their 
ions.  These  are  wholly  free  aud  behave  just  as  other  molecules  in  the 
solutions.  In  the  same  manner  I  calculated  the  degree  of  dissociation 
of  all  the  electrolytes  that  were  determined  at  that  time —they  were 
about  eighty— and  I  found  in  general  a  very  good  agreement  be- 
tween the  two  methods  of  calculation.  In  a  few  instances  the 
agreement  was  not  so  good,  I  therefore  made  new  determinations  for 
tbese  bodies  and  eomo  others ;  the  new  determiuatious  were  all  in 
good  ootiformity  with  the  theoretical  prevision. 

The  next  figure  (Fig,  6)  shows  the  freezing-points  of  some  solution 
of  salts,  and  of  non-conductors.  As  abscissa  is  used  the  molecular  con- 
centration of  the  bodies,  as  ordinates  the  molecular  depression  of  the 
freezing-point}  divided  by  1*85,  that  should  bo  expected  if  no  disso- 
ciation  took  place.  As  the  figure  shows,  all  the  curves  for  the 
non-conductors — in  this  case  cane*sugar,  propyl-aloohol  and  i>henol 
— converge  towards  unity  with  diminishing  concentration.  At  higher 
concentrations  there  occur  deviations  from  the  simple  law.  As 
examples  of  binary  electrolytes  are  chosen  LiOH,  NaCl  and  LiCl — 
their  curves  all  converge  towards  the  number  2,  As  ternary  electro- 
lytes are  chosen  E^SO^,  Na^jSOj,  MgCL,  and  SrCl,,  they  are  decom^ 
posed  into  three  ions,  and  their  curves  therefore  all  converge  towards 
the  number  3. 

As  I  had  taken  a  step  that  seemed  most  adventurous  to  chemists, 
there  remained  to  investigate  its  chemical  and  physical  consequences. 
The  most  general  and  wide-reaching  of  these  Is  that  the  properties 
of  a  highly  attenuated  solution  of  an  electrolyte  ought  to  be  additive^ 
that  is  composed  of  the  properties  of  the  different  ions  into  which  the 
electrolyte  is  decomposed.  This  was  already  known  to  be  the  case  in 
many  instances,  and  Volson  had  to  this  end  tabulated  his  *'  moc^ules  *' 
by  the  addition  of  the  one  value  for  the  negative  to  the  other  for 
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the  positiye  ion,  we  may  calculate  the  properties  of  any  electrolyte 
com  posed  of  the  tabulated  ions.  In  this  way  we  may  treat  the 
specific  weight  (Valson),  the  molecular  condnotiyity  (law  of  Eobl- 
ransch),  the  internal  friction  (Arrhenins),  the  capillarity  (Yalson), 
the  compressibility  (Rontgen  and  Schneider),  the  refractiye  index 
(Gladstone),  the  natural  rotation  of  polarisation  Qaw  of  OademaoB), 
the  magnetic  rotation  of  polarisation  (Perkin  and  Jahn),  the  magneti- 
sation (Wiedemann),  and  all  other  properties  of  the  electrolytes 
hitherto  sufficiently  studied. 

The  most  important  of  these  additive  properties  are  those  of  which 
we  make  use  in  chemical  analysis.  As  is  well  known  it  is  generally 
true  that  chlorides  give  a  white  precipitate  with  silver  salts.  It  was 
said    formerly  that   silver  salts  are  reagents   for  chlorine.    Now 
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we  say  that  silver  ions  are  reagents  for  chlorine  ions.  This 
expression  is  better  than  the  old  one,  for  neither  all  silver  salts 
e.g.  potassium  silver  cyanide  and  many  other  compounds  of  silver 
nor  all  chlorine  com})ound8,  e.g.  potassium  chlorate  and  many 
organic  chlorides,  give  this  characteristic  reaction.  The  experiment 
succeeds  only  with  such  silver  and  chlorine  compounds  as  are  in 
a  measurable  degree  decomposed  into  silver  and  chlorine  ions. 
Ostwald  has  treated  this  question  comprehensively,  and  in  this  way  he 
has  given  a  rational  exposition  of  the  general  phenomena  of  analytical 
chemistry.  To  this  fact  belongs,  also,  the  poisonous  effect  of  some 
salts;  this  effect  may  be  considered  as  a  special  physiologically 
chemical  reaction  of  the  chemical  compounds.  On  this  point  there 
are  many  valuable  researches  by  Kronig  and  Paul,  Clarke  and  others. 
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A  property  that  is  of  physical  character,  but  is  much  nsed  by  the 
analytical  chemist,  is  the  colour  of  the  solutions.  It  has  been  sub- 
jected to  a  rigorous  research  by  Ostwald.  At  first  we  will  trace  how 
a  compound,  e.g.  flnoresceine,  H12C20O5,  behaves  if  one  replaces  its 
hydrogen  atoms  by  other  atoms,  e.g.  metals,  iodine,  bromine  or  atomic 
groups  (NO2).  The  curves  in  the  next  figure  (Fig.  7)  indicate 
absorption-bands  in  the  spectra  of  the  corresponding  compounds.  A 
replacement  of  E^  for  Hj  in  tiie  flnoresceine  itself  alters  the  absorption- 
spectrum  in  a  most  sensible  manner.  This  depends  upon  the  pro- 
perty that  the  flnoresceine  is  dissociated  to  a  slight  extent,  which  is 
in  strong  contrast  to  the  permanganic  acid  which  will  be  discussed 
immediately.  Instead  of  a  single  absorption-band  in  the  blue  in  the 
first  case,  we  find  two  absorption-bands  in  the  blue-green  and  the 
green  part  of  the  spectrum  for  the  second.     A  similar  observation 
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may  be  made  for  the  tetraiodine-flnoresceine  and  its  potassium  salt. 
In  general  the  figure  shows  that  the  spectrum  is  changed  in  a  very 
conspicuous  manner  at  the  smallest  chemical  change  of  the  molecule. 
It  might  therefore  be  expected  after  the  old  manner  of  view,  that 
the  replacement  of  hydrogen  by  a  metal  in  permanganic  acid,  or 
of  one  acid  rest  by  another  in  the  salts  of  para-rosaniline  would 
wholly  change  the  character  of  the  spectra.  This  is  not  the  case, 
as  Ostwald  has  shown.  The  spectra  are  wholly  unchanged,  as 
Figs.  8  and  9  show.  The  spectra  are  all  produced  by  the  same 
sub  stance,  viz.,  the  permanganate-ion  in  the  one,  the  para-rosaniline- 
ion  in  the  other  case.  Only  in  the  case  of  the  para-rosaniline  salts 
we  observe  that  the  absorption  is  sensibly  weaker  in  some  cases  than 
in  others.  The  weakening  depends  upon  the  hydrolysis  of  the  salts 
of  the  weak  acids,  e.g.  acetic  and  benzoic  acids.     This  research  of 
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Ostwald  Bbows  iu  u  must  coiiriuclug  mauuer  the  correotnesa  of  tbe 
riews  of  the  theory  of  electrolytic  dissocifttioTi. 

It  h&6  been  objected  to  this  tbeorj,  that  accon^iog  to  it  it  might 
be  possible  by  cliffusioti  to  separate  both  ions,  e.g.  chlorine  and 
Bodium*  from  another  in  a  solution  of  sodium  chloride-  In  reality 
chlorine  diflfoses  ftbout  1-4  times  more  rapidly  than  sodiam,  Bnt 
the  ions  carry  their  electric  charges  mth  them.  Therefore  if  we 
place  a  solution  of  sodium  chloride  in  a  vessel  and  we  pour  a  Is^yer 
of  pure  water  over  it,  it  is  true  that  in  the  first  moments  a  little 
excess  of  chlorine  enters  the  wat-<ir*  By  this  the  water  is  charge"! 
negatively,  and  the  solution  under  it  positively,  so  that  the  ftodium 


Permcuk^^- 
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ions  are  driven  out  from  the  solution  with  a  greater  force  thaulth^ 
chlorine  ions.  As  soon  as  that  force  is  1  ■  4  times  greater  than  this, 
the  chlorine  ions  travel  just  na  slowly  as  the  sodiom  ions.  It  is  not 
difficult  to  calculate  that  this  case  happeus  as  soon  as  the  chlorine 
ioE  is  contained  in  the  water  in  an  excess  of  about  the  l>illionth  part 
of  a  milligramme  over  the  equivalent  quantity  of  sodium.  This  ei- 
tiemely  minute  quantity  vve  should  in  vain  try  to  detect  by  chemical 
means.  By  electrical  means  it  succeeds  pretty  well,  as  Nernat  has 
demoufltrated  experimentally  for  his  concentration  eLemeuts.  There- 
fore, the  eaid  objection  is  valid  against  the  hypothesis  of  a  oommon 
dissociation  of  the  salts,  but  not  against  a  disauciation  iuto  ions,  thai 
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ard  ohargefl  with  electricity,  as  Faraday *g  law  demandi*.  Probably 
this  objeclion  bas  hindered  au  earlier  acceptance  uf  a  difiiooiated 
state  of  the  electrolytes,  to  which,  for  instauce,  \^alson  nnd  Bartali 
inclined. 

The  gaseous  laws  that  are  Talid  for  dilute  soiutionB,  have  made 
the  caictilatiou  of  tb«  degree  of  dissociatiou  poBsiblo  iu  a  great 
nnmher  of  cases.  The  first  application  of  that  nature  was  made  by 
Ostwald,  who  showed  that  tbe  dissociation  equilibrinm  between  the 
ions  and  the  oon-diKfiociated  part  of  a  weak  aqitl  obeys  vety  nearly 
the  gaBCOue  laws.  The  ^nine  was  afterwards  demonstrated  to  be  truti 
for  weak  ba&ee  by  Bredig.  Tbe  strongly  dissociated  electrolytes, 
chiefly  aalte.  eiihibit  even  in  dilute   sidiitions   {over  0-05  normal) 


But  ^  rate 
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anomalies,  that  are  not  yet  wbolly  ex^laiued.  Profes^r  Jahn^  of 
Berlin,  ia  at  work  upon  this  most  interesting  question. 
— ^  The  ef^nilibrinm  between  a  greater  number  of  electrolytes  has 
been  ipYestigated  by  myself,  and  found  to  be  in  good  agreement  witb 
tbe  theoretical  previsions.  This  section  includes  the  quefttions  on 
the  weakening  of  an  acid  by  addition  of  its  salt';,  and  on  the  scv-called 
avidity  of  the  different  aeids,  that  i*,  the  proportion  in  which  two 
acids  divide  a  bas©  at  i>artial  neutralisation.  Calculation  givefl  Tory 
nearly  the  numbers  observed  eiperimentally  by  Thomsen  and 
Ostwald.  For  heterogeneoas  eqailibria  between  electrolytes  the 
theory  is  worked  out  by  vaa't  Hoif  and  Nernst,  who  have  in  this 
way  elucidated  the  common  method  to  precipitate  ealt«  used  in 
analytieal  chemistry. 


664  Professor  Scanie  Arrhenius  [June  3, 

By  help  of  the  gMeons  laws  it  is  also  possible  to  determine  the 
heat  evoWed  at  the  dissociation  of  a  weak  acid  or  base,  and  in  this 
way  I  was  able  to  calculate  the  heat  of  neutralisation  of  acids  and 
bases  in  a  general  manner.  In  an  analogous  way,  Fanjnng  calculated 
the  changes  of  volume  at  dissociation  of  a  weak  acid  or  base  and  at 
the  neutralisation  of  these  bodies.  All  these  calculations  gave  values 
very  nearly  agreeing  with  the  observed  ones. 

An  important  rdle  is  played  by  the  water,  which  may  be  regarded 
as  a  weak  acid  or  base.  By  its  electrolytical  dissociation,  it 
causes  the  hydrolysis  of  salts  of  weak  acids  and  bases.  By  observa- 
tion of  the  hydrolysis,  it  was  possible  to  calculate  the  ^ectrolytic 
dissociation  of  water,  and  this  quantity  was  soon  after  determined  by 
electrical  measurements  by  Kohlrausch  and  Heydweiller  in  perfect 
agreement  with  the  previous  calculations.  For  physiological 
chemistry  this  question  is  of  the  greatest  importance,  as  is  confirmed 
by  the  experimental  results  of  8jdgvist  and  others.  Also  for  the 
explanation  of  volcanic  phenomena,  the  concurrence  between  water 
and  silicic  acid  at  different  temperatures  has  found  an  applica- 
tion. 

The  catalytic  phenomena  in  which  acids  and  bases  are  the  chief 
agents,  have  been  investigated  by  many  observers,  and  it  has  been 
found  that  the  catalytic  action  depends  on  the  quantity  of  free 
hydrogen  or  hydroxyl  ions  that  are  present  in  the  solution.  To  this 
review,  that  makes  no  pretension  to  be  complete,  may  also  be  added 
the  wide-reaching  researches  of  van't  Uoff,  Ostwald,  and  especially 
Nemst,  on  the  electromotive  forces  produced  by  the  ions.  By  these 
investigations  we  have  now  acquired  an  explanation  of  the  old  problem 
of  the  manner  in  which  electromotive  forces  in  hydro-electric  com- 
binations are  excited. 

I  have  now  traced  the  manner  in  which  the  idea  of  electrolytic 
dissociation  grew  out  of  our  old  conception  of  atoms  and  molecides. 
Sometimes  we  hear  the  objection  that  this  idea  may  not  be  true,  but 
only  a  good  working  hypothesis.  This  objection,  however,  is  in 
reality  no  objection  at  all,  for  we  can  never  be  certain  that  we  have 
found  the  ultimate  truth.  The  conception  of  molecules  and  atoms 
is  sometimes  refuted  on  philosophical  grounds,  but  till  he  has  got  a 
better  and  more  convenient  representation  of  chemical  phenomena,  the 
chemist  will  uo  doubt  continue  to  use  the  atomic  theory  without 
scruple.  Exactly  the  same  is  the  case  for  the  electrolytic  dissocia- 
tion theory. 

This  theory  has  shown  us  that  in  the  chemical  world  the  most 
important  role  is  played  by  atoms  or  complexes  of  atoms,  that  are 
charged  with  electricity.  The  common  tendency  of  scientific  inves- 
tigation seems  to  give  an  even  more  preponderating  position  to 
electricity,  the  mightiest  agent  of  Nature.  This  development  is  now 
proceeding  very  rapidly.  Already  we  see  not  only  how  the  theory 
of  electrons  of  J.  J.  Thomson,  in  which  matter  is  reduced  to  a  very 
insignificant  part,  is  developing,  but  also  how  efforts  are  made  with 
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good  snccess  to  explain  matter  as  only  a  manifestation  of  electro- 
dynamic  forces  (Eaufznann-Abraham). 

To  these  modem  developments  the  work  of  British  men  of  science 
has  contributed  in  the  most  efifective  manner.  The  bold  previsions 
of  Sir  William  Crookes  seem  to  be  rapidly  acquiring  a  concrete 
form,  to  the  great  benefit  of  scientific  evolution.)  , 
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GENERAL   MONTHLY   MEETING, 
Monday,  June  6,  1U04. 

His  Graos  The  Ddki;  or  Northumbkbland,  K*G.  D.CM^.  F.R.S,, 

Presklent,  in  the  Chair. 

EicbfU'd  Bagot,  Escj. 

William  CamngtoB,  Esq.,  M.liJst.C,E. 

Ernest  GadoBdcu  Fell  owe,  Esq, 

William  Robert  Freeman,  Ea<j, 

Hicbnrd  P.  NicholfioDj  Em^. 

Hon.  C.  A.  Parsons,  F.R.S. 

were  elected  Members  of  the  Royal  Institntion. 

The  Special  Thanks  of  the  Members  were  returnesl  to  Andrew 
Carnegie,  Esq.,  LLJ>.  MMJ.,  for  hie  Donation  of  £1,200  to  the 
Research  Fund  of  the  Eoyal  Inatitntion,  especially  for  the  study  of 
iron  and  ateel  at  low  temperatures;  and  to  Frank  McCleau,  Esq., 
M.A,  LL,D.  P.B,8.  M.RL,  for  hia  Donation  of  £100. 

The  pBBfiENTs  received  since  the  last  Meeting  were  laid  on  tlttft 
table,  and  the  thanks  of  the  Members  returned  for  the  Bamej  viae* : — 


Tfie  Seeretary  ofBlaUfor  JrK?M»— Cenaus  of  ladim,  lyni.  Vol  L    4to.     IWS. 

HeportoEi  Public  lostTuction  in  DeogftL    foL    \Wi\. 

Eeoorda  of  the  Geological  Survey  of  India,  Vol-  XXXI.  Part  1.    Sfo,     1904 

iingnistic  Survey  ut' India,  Vol.  V,  Purt  1.     4to      HKH. 
Aeea^Smm  dei  Liiioet,  Beah.,  /^oi?»a— CUsje  di  Scienze  F  laic  he,  MAt€ruiiticb.e  e 
Natural!.  Atti,  Serie  Quinta :  Rendioonti.    l^  Ssmestry.  Vol.  Kill,  Kot.  9^1*. 

svo.    mn, 

American  Aijad&mtf  of  Ard  and  Setencea — ProcfiediTigi,  Vol.  XXXIX.  No<i.  16-18. 

8to.     1904. 
jlfi3«nran  Geographieat  ^^bcl«ly— BuUetin,  Vol,  :^XKVI.  Na  4,     @tp.     1^04. 
Aaiatie  Society  of  Befioo/— f  rweedings,  im%  Nijs.  iir-m,    8to,     IHtM. 

Jtjurual,  Vol.  LXXII.  Part  H.  Has.  3-4  :  Part  IIL  No,  2.    Sm     1903-4. 
Atiaiic  Soeidfj.  Eoyal  {  Bowbatj  Urancft)— Joiimal,  VoL  XXI-  No.  59.    Sto.    K«>t 
A»tronomicQl  Stx;itty,  Rotjal^yif)ni\i\y  Notices,  Vol.  LXTV.  No.  5.    Sfp.    19*>4, 
AutdmfjhiU  CT«ft— Jouruftl  for  May*  1004.    4to. 
Bell  Sir  Lotrthmiu  Bart,  J.P.  D.L.  LL.D,  n.C.L,  FMS.  M.RX  (lAr  AHihof}- 

Mt^iDOiaadum  &b  to  the  Wear  of  Rftlla.    2  voU.    fol.     1896-ldOO. 
Bennett,  Fred*-rick\  Etq.  (the  Auth<w)--^m\a  Tlu'tiTieH  of  the  tJniverse.  8iti.   liniS 
B«rlin,  Timml  Aaidemy  of  Sdeneen — PiUiiiig^ibeui^Kte,  IlWi,  Non.  1-24,     SfOk 
Bf)*t&n  Pumn  Library^MouthXj  Bulletin  for  Way,  IWH.    Uvo. 
fiotttnii:  S<H:iefy,  E<>ifnl—iiMiiVleT\\  R&rord,  Jan. -March,  Jii04.     8vo, 
BritUh  ArchUicU,  Rofjal  Ingiftute  (-/"—Journal,  Third  Si^ries,  VoL  XL  Ho.  li.   ivk 

Iit04, 
BriiM  A§trotiomical  AmtciaUon-^onmaU  VoK  XIV.  No,  7,    8»o.     l'J04. 
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ddifonda  Univenihj — Reportof  the  Agricultiirnl  Exi^erinieiiiStatiou.  Stik  IWA. 

Bnlktin.  Xt>a.  14U-154.     8to.     1903, 
Climviml  Indwiry,  Societu  o/— Journal,  Vol  XXIII.  No*.  a^JO.    8m     19W. 
Chrmicii}  Society — Jourtiiil  for  May,  V.H^.     Svo. 

Pffwt'Gilintfs,  Vol.  XX.  Sos.  2^0-281.    8vo.     llHM. 
Chkmo^  Fidd  Columbian  Muuum — Anthropological  Seriei,  VoL  U.  No.  G,  Vfti 
IV;   Zoological  Series,  Vul.  UL  Nog.  12- H:   (ieologiml  Series,  Vul,  It 
Nob.  2-#,    8to,    lUO:^ 
Eifi^on — Ainericflt}  Jonmal  of  Si^ieuce  for  il*j,  1B04.    fivo* 

Auflljst  for  ^faj,  ]*i04,     8to. 

Ajjtrophjaicul  Jfjuroal  for  ATay,  I9(H.     Svft. 

Atheuffiqra  for  ^fay,  1904.    4 to. 

Author  for  Juno.  ilJ04.     8vo. 

BoftHl  of  Trwie  Jourual  foT  May,  19lM-     8to. 

Brewers'  Jounml  for  May,  1904,    8vo. 

Cam  bridge  Appointtnenti  Gftiett«  for  Jlay,  1&04,    Svo. 

Cbeniieal  News  for  5  lay,  1&J4.    Hvth 

ChemiBt  aud  Druggiit  for  ^lay,  1904.     S\o. 

Dioptric  Review  for  A!  arch -April,  Ht04.    8?a. 

Electrical  Eni^meer  for  May,  19Q4.     foL 

Kk-ctrical  EevitiW  for  May,  ItKM.    foL 

Electrical  Timea  for  Jlay.  WH.    4to. 

Electricity  far  May,  1904.     8to. 

Electro-Ctieraist  and  Metallnrgiai  for  May,  iy04.     Sto. 

EDgineer  for  May.  1901.     foL 

EngiiK^eriug  for  May.  1904.    foL 

EngiaeeritiKj  Reviaw  for  J I  ay,  1904.     8to. 

HorDCEftpftth'ic  Review  fgr  June,  19tH.     8ro, 

Hftraiogicftl  Journal  for  June,  1904,    Sva 

Journal  of  ibo  British  Dental  AMmciaUau  for  31  ay,  1904^    8ro. 

Journal  of  Phyaical  CLemisliy  for  April,  li*04.    8vo. 

Journal  of  the  Queen  Victoria  Indian  Memorial  Fnod  for  March  {No.  *2\  IIMH^ 
8vo. 

Journal  of  State  Medicine  for  May»  19CM*    8to. 

Law  Journal  for  ^tay,  11MM«    8to. 

Lftndoti  Technical  Education  Gaxette  for  ^lay,  1904.    foL 

London  UuiTenity  Gaaette  for  May,  1904.    foL 

Machinery  Market  for  May*  1904.    $w&. 

Model  Engineer  for  May,  1901.    Sto. 

Moift  Scientifique  for  April,  \dM.    Sto, 

Molor  far  Journal  for  May,  1904.    8fo, 

M  n  flical  Ti  m  es  fo  r  M  ay,  1904-     8to. 

Nature  for  Mny,  190L    4lo. 

New  Church  Jlagfliiiie  for  June,  1904,    8vo. 

Nun  TO  Gimento  for  Feb.  UUH.    6vo. 

PaLTi-'s  Maguiine  for  May,  1904,     8vo. 

MM-tifj^'rapfiif  Kewa  for  ^tuy,  UKH.     8¥0. 

I'hvflioal  lie  view  for  May,  L*(i4.     Sro, 

Public  Htalth  Eugineer  for  May.  19<i4. 

Scieuce  Abstrocta  for  May,  lOOL     8vo. 

Terreatrirtl  Magnetii^iu  for  March,  lt>04. 

Zoophihst  for  Mav.  IIHU.     4to. 
Fniniff,  O,  L.,  Eftq.  (/A<t  JwlAwr)— Kite  Flying  in  the  Tropieu.    8v«.     190*. 
Fli/Teneet  BihliUeca  Nationahi — Bullttin,  May,  lUOl.     Sfo. 
Fr<titkUn  Imtitute— J OMtnikh  VoL  CLVll.  No.  5.    Sto.     19iW. 
Grographiml  Society,  JSCoyai— tTeogmpliical  JnaraaL  V«l.  XX III.  Ho,  0.    8?o, 

1904. 
QefAogieal  Boetety—Jonm&l  VoL  LX.  Pnrt  2.    Sto,     1904*1 

Abitnwta  of  S^roceedbgB,  Nob,  795-706.    Svo.    1904* 
Qminam^  ^eetdesw  of  £S6^cn«^— Naebrichien,  1904,  %ratbematiaoh-PbyaikalJwh« 
KluM,  Heft  1-3.    Svo. 
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Horticultural  Society,  Boifal— Journal,  Vol.  XXVIII.  Parts  3-4.     8vo.     1904. 
Johns  Hopkins  University — Studies,  Series  XXI.  Nos.  1-12.    8ro.     1903. 
Life-Boat  InstittUiony  BowU  National — Annual  Report,  1904.    8ro. 
Linnean  Society— Journal,  Vol.  XXXV.  Botany,  No.  248.    Syo.     1904. 
Literature,    Boycd    Society   of — Queen  Elizabeth  and  the  Levant   Compaoj. 

Edited  by  H.  G.  Bosedale.    4to.     1904. 
Manchester  Otclogioal  S^'ety— Transactions,  Vol.  XXVIII.  Parts  13-15.    8to. 

1904. 
Mechanical  Engineers,  Institution  o/— Proceedings,  1903,  No.  4.     8to. 
Meteoroloaioal  Society,  BoyoZ— Journal,  Vol.  XXX.  No.  130.    8ro.     1904. 
■    ""111. 


Beoord,  Vol  XXIII.  No.  91.    8ro.     1904. 
Meux,  Lady— The  Book  of  Paradise  of  Palladius.    Edited  and  Translated  br 

£.  A.  Wallis  Budge.    (Lady  Meuz  MS.  No.  6.)    2  toIb.    8to.     1904. 
Mexico,  Sociedad  Cientifiea  '* Antonio  Alzate" — Memorias  y  Revista,  Tome  XIX. 

No.  5;  Tome  XX.  Nos.  1-4.     8?o.     1903. 
Middlesex  Hospital  -Reports  for  the  Year  1902.    8to.    1904. 
Montana  rTntvemty— Bulletin,  Biological  Series.  Nos.  7-8.    Svo.     1904. 
Navy  League — Navy  League  Journal  for  June,  1904.    8vo. 
Odontotogtoal  Society— Transactions,  Vol  XXXVL  No.  6.    8to.     1904. 
Pennsylvania,  University  o/— Provost's  Report,  1903.    8vo. 

Catalogue,  1903-4.     8vo.     1903. 
Peru,  Cuerpo  de  Ingenieros  de  Jft na«— Boletin,  Noe.  4-9.    8vo.     1903-4. 
Pharmaeeutieal  Society  of  Oreat  Britain — Journal  for  May,  1904.     8vo. 
Philadelphia^  Academy  of  Natural  Sciences — ^Proceedings,  VoL  LV.  Part  3.    8va 

1904. 
Photographic  Society,  Boycd — Photographic  Journal,  Vol.  XLIV.  No.  4.  8va  1904. 
Physical  Society  of  London— Proceedings,  VoL  XIX.  Part  1.    8vo.    1904. 
Royal  Irish  .ioodmj^— Proceedings :  Vol.  XXTV.  Sec.  A,  Part  4 ;  Sec.  B.  Part  5 ; 

Sec.  C,  Part  5;  Vol.  XXV.  Sec.  C,  Parts  1-4.    8vo.    1904. 
Royal  Society  of  London — Philosophical  Transactious,  A,  No.  364 :  B,  No.  229. 
4to.     1904. 
Proceedings,  No.  494.    8vo.     1904. 
Sanitary  InstUute-^oum&\,  Vol.  XXV.  Part  1.     8vo.     1904. 
Selbome  Society— if &tme  Notes  for  May,  1904.    8vo. 
Smith,  B.  Leigh,  Esq.,  M.A.  MM.L— The  Scottish  Geographical  Magazine,  Vol. 

XX.  No.  6.     Svo.     1904. 
Society  of  Arts—JovLmol  for  May,  1904.     8vo. 
Stockholm,  lioyal  Swedish  Academy  of  Sciences — Skrifter  af  Anders  Retzius.    Svo. 

11>02. 
Stonyhurgt  Collie  Observatory — Results  of  Meteorological  Observations  for  1903. 

8VO.     1904. 
Taccliini,  Prof.  P.,  Hon.  Mem.  R.I.  {tfte  AutJtor) — Memorie  della  Societa  degli 

Spettroscopisti  Italiaui,  Vol.  XXXIII.  Disp.  4.     4ta     1904. 
United  Service  Institution,  Royal — Journal  for  May,  1904.     8vo. 
United  SUites  Coa^t  and  Geodetic  Surrey —Reports  on  Terrestrial  Magnetism, 

1003-4.     4to. 
United  States  Department  of  Agriculture — Monthly  Weather  Review  for  Feb.  1904. 
4U). 
Kxperiment  Station  Bulletin,   141.     Losses  in  Cooking  Meat.      By  H.  S. 

Griudley.     Svo.     1004. 
Experiment  Station  Record,  April,  1904.     Svo. 
United  Stutes  Geological  iSwrcey— Professional  Papers,  9,  10,  13,   14,  15.     4to. 
1902-3. 
Water  Supply  Papers,  80-87.     Svo.     liMi3. 
rnited  States  Patent  Offire—Omdixl  Gazette,  Vol.  CX.  Nos.  2-4.     4to.     1904. 
Verein  zur  Beforderung  des  GevcerbHei^ses  in  Preussen — Verhandlungen,  1904. 

Heft  5.     4fcj. 
Western  Society  of  Engineer,"— Journal.  Vol.  XIX.  No.  2.     Svo.     1904. 
Wisconsin  Academy — Transactiond,  Vol.  XII [.  Part  2  ;  Vol.  XIV.  Part  1.     8va 
iyu2-3. 
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GENERAL  MONTHLY  MEETING, 
Monday,  July  4,  1904. 

His  Graoi  The  Duke  of  Nobthumberland,  K.G.  D.C.L.  F.R.S.» 
President,  in  the  Chair. 

Viscountess  Gort, 

M.  H.  Spielmann,  Esq. 

William  R.  W.  Sullivan,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  Pbesints  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

The  Secretary  of  State  for  India — Madras  Goverament  Museum  Bulletin,  Vol.  V. 

No.  1.    8to.     1908. 
Aeeademia  dei  LinceU  Reale^  Roma — Ciasse  di  Scienze  Fisiche,  Matematiohe  e 

Natorali.   Atti,Serie  Quinta:  Bendiconti.  Vol.  XIII.  I*'  Semestre,  Fasc.  11. 

8vo.    1904. 
American  Academy  of  Art*  and  Sciences — Prooeediogs,  Vol.  XXXIX.  Nob.  19-20. 

8vo.     1904. 
American  Oeographieal  /Soetety— Bulletin,  Vol.  XXXYI.  No.  5.    8vo.     1904. 
American  Philotophieal  Society— Proceedings^  Vol.  XLIL  No.  175.    8vo.    1904. 
Argetitine  BepubUc — El  Crecimiento  de  la  Poblaciua  de  la  Repiiblica  Argentina 

1890-1903.     8vo.     1904. 
Attronomer  Royal — Report  to  the  Board  of  Visitors  of  the  Royal  Observatory, 

1904.    4to. 
Aitronomical  Society ^  Boyal— Monthly  Notices,  Vol.  LXIV.  No.  7.    8vo.    1904. 
Automcbile  Club — Journal  for  June,  1904. 
Bankers,  IndUuU  o/— Journal,  Vol.  XXV.  Part  6.    8vo.     1904. 
Batavia^  RoyalMeteorologieal  Observatory — Regenwaamemingen  in  Nederlandsch- 

Indie,  1902.    8vo.     1903. 
BeUnum,  Royal  Academy  of  Sciences — Bulletin,  1904,  Nos. :{,  4.    8vo. 
M^ms.  Couronnes  et  autres  ^Umn.  Tome  LXIII.  Fasc.  8 ;  Tomes  LXIV.-LX V. 

Fasc.  1-2;  Tome  LXVI.    8vo.     1904. 
Mems.  Couronnes  et  des  Savants  Etrangers,  Tome  LXII.  Fasc.  5-8.   4to.  1904. 
Memoires,  Tome  LIV.  Fasc.  (i.    4to.    1904. 
Boston  Pubiio  Library— Monthly  Bulletin  for  June,  1904.    8vo. 
British  Architects,  Royal  Institute  o/— Journal,  Third  Series,  Vol.  XI.  Nos.  15-16. 

4to.     1904. 
British  Astronomical  Association — Journal,  Vol.  XIV.  No.  8.     8vo.     1904. 
Buenos  Ayreg,  C/ty— Monthly  Bulletin  of  Municipal  Statistics  for  April,  1904.    4to 
Cambridtje  Philosophical  -iJocie^f/— Transactions.  Vol.  XIX.  Part  3.     4to.     1904. 
Chemical  Industry^  Society  ©/—Journal,  Vol.  XXIII.  Nos.  11-12.     8vo.     1904. 
Chemical  Sodetu— Proceedings.  Vol.  XX.  Nos.  282-283.     8vo.     1904. 

Journal  for  June,  19i»4.     8yo. 
Dax,  Societe  de  i?orda— Bulletin,  190;J,  Part  4.     8vo. 
Editors — American  Journal  of  Science  for  June,  1904.    8vo. 
Analyst  for  June,  1904.    8v(). 
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EdUort — Gimtinned. 

Afttropbyslcftl  JouniaJ  for  June,  11H4.    8vo. 

Athfciimum  for  June,  19(H.    4t<5, 

Authnr  tor  J  u  I >\  1 91 14 .     Svo . 

BoRrtl  of  Tmde  Journal  for  June,  l!>Oi.    bvo- 

Brewers^  Jourual  for  J  tine,  19i>4,     8to. 

Chemieal  News  far  Juo^,  19W,    4to. 

Cliemist  and  Dniggist  for  Jtiae,  ISiM,    8vo. 

ElectrLt'al  Engineer  for  June,  1904,     4to. 

Electrical  Review  for  June*  10<I4.     4trt, 

Eltjctriciil  Times  for  June,  1004.    4to. 

ElfCtricity  for  June,  19<4.    8vo. 

ElectroChemJBt  imd  Mtitallutgiat  for  June,  1904,     8to. 

Engineer  for  Jnne,  19iH.     fol. 

Engl  peering  for  June,  1904,    fol. 

En^eeri ng  Ee  viei?  for  Jone-J n I y .  1 9(  i4 .     8vo. 

Homoeopatliic  Review  for  July*  1904.     Svo. 

Horological  Joumfil  for  July,  19<>1»    8vo, 

Jouruftl  of  tlie  Bntiah  Denial  AsaociRtion  for  June,  lt>04.     8vo. 

Journal  of  Phydcal  ChemiHtry  for  Jlftv,  1004,     Svo. 

Joniiml  of  State  Medicine  for  Jnne,  1&04,    8v*o. 

Law  Jnnriml  for  June,  19(Hr.    Svo. 

London  Technical  Education  Gftzette  f-nT  June,  1904*     4 to. 

London  University  G-iizette  for  June,  lf>04.     4to. 

Mftcliinery  Market  for  Jun«,  19<>4.    Svu, 

IVIodel  Eay;ineer  for  Jutiu%  1904.     8vo. 

Mois  Scientifiqu©  for  May,  1&<>4.    8  to, 

Jtlotor  C»r  Jouiiiid  for  June,  1904,     Hvo. 

Motor  C«r  World  for  June,  mH,    4to. 

MusjcaI  Times  for  June,  1904.    8vo. 

N atnre  foi  J n m,  1 9<  i4 .    4to. 

New  Church  MagnaJine  for  July,  1904*    Sto. 

NuoTO  Ciinento  for  March,  190'4.     Svo. 

Pai^e*«  Magaztne  for  June,  1904.     8to. 

Photopafiliic  Newa  for  June,  1904.     Svit. 

Pbyaitiil  ReTiew  for  June,  1904.    Sto. 

Public  Heftith  Engioeer  for  Jtane,  19<14,    e?o. 

Science  AbBtracti*  for  June,  1904,     Sto, 

Zoophiliai  for  June,  1904.    4to, 
Etedrical    Engineerutt  In^Utution   of — JonrDitl,  VoU   XXXIII«    Part  3.     8to. 

1904. 
£tard»  M,  A.,  Esq.  (the  Author}— Notiee  tur  U  Vie  ei  Ut  Travfttix  d« 

Demnrv^y.    8yo,    1904. 
Florence,  BihlioUca  Natiofwle — Ballelin  for  Jtjne,  1904.    8to. 
FntnkUn  Imtiiute-^onm^i  Vol.  CLVH.  No.  G,     Bvo,    190*. 
iieologiail  Socithf—AhsimQU  of  Pniceedings,  Noa.  797^798,    1904. 

rJeologieal  Literature  added  to  the  Libiiiry  in  19(13,     S\ro.     IfH^, 
MarUm^  Socirtr   UoUandaine  den   (Sci^wist?*— Archive*   Ncerlflndaisce*   &:rif   11. 

Toin«»  IX.  Liv.  3,     Svo.     1904. 
Johnt  SQ2>}iinM  t^v^iit^^ Amene&n  Jouniftl  of  Philology,  Vol.  XXV.  N(V  I 

8to.     1904. 
K^to  Unirerfitff  College  of  Seitme—yiemoiT^t  Vol.  I.  No,  L     Svo.     1903, 
Le(gUon,  Joftri,  Fug.,  JuJS.X— Jourmil  of  Ihe  Ei-Lihria  Society.  VoL  XIV.  N» 

2-5.     8vo.     1904. 
M^t§aithu9idU  Inetitme€if  Tec/* noiogy— Technology  Quarterly,  Vol.  XV H,  Na  I 

8m     1904. 
Mexico,  Secretariu  th  Comunicaeionet — AnaleBT  N«m*  10.    ^to*     19i»4. 
Microncojneal  Sfi^tii(*j.  J?r>^n/— Jonrarvl,  lOtH,  Ptirt  3.    St©. 
Jlf7fl n,  Si^uxd  ef  A grh nit urv — Ric^rcb e,  Voh  U .    8 vo.     1  ft03. 
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Mwfe€  Tetylefr—Archifes,  Hct'w  IL  Vol.  VIU.  Fmo  5.    Sto.     1»<H. 

Otalogne  de  la  Hibliothl'viue,  Tome  III.  188&~11M1U.    4to,     1904. 
Naiional  Phjtfical  Labotafory— Report  for  I90H,     8to.     19(H. 
JVai^  £<M{ru« — Nftvy  Ltftfjuo  Juiixuul  fof  Julyj  1901.    8to. 
j\^«c  Jwfevf^  Get^ogical  Survey — Annual  llcfKJrt  lot  190S,     fevo.     1904, 
^flw  Torfc  .iMff^Tiy  i}f  Snenc^tt^XmnU,  Yol.  XlV.  Part  4.     8vo.     m>4. 
jYffrifc«,  Gra<iwtna|i*u7ii-Koffiin/«Voi» — HeMuItati-r  a.f  Vnnrktands-ObflervatioDcr  pna 

der  NornJcri  Kyiit.  Hf^fte  VI.     4to-     ItMH, 
iVot^  of  En^and  InatUute  of  Mining  nud  Meckuutcal  Enginevtr — ^Tmiiimi^tioiii, 

Vol  LIV.  Pnrt  5.    8to.     1904, 
Odontoto^ieal  Socintrj—TmnnActiona,  Vol,  XXXVI.  No.  7.     Bto.     JiMW. 
Oftncjt^  i>r.  H,  Kamerliiigh — <V>ninimiiciitiona  from  tho  I^iden  Phy*iiciil  l^abora- 

U>iy,  Nob.  87-90.     Hvo.     1 904. 
Ptu^i^aeeutical  Societifof  Grvat  Britatu—Jouma,}  ftn  Jmw,  1904.     8?0. 
Fhdogra^ic  Socwtjf,  Boyai— Jourtinl,  VoU  XLIV,  No.  5.     8to.     1904. 
Renttet^  tlm'tferntif — Travsu^  Sclentifiqueat  Tome  II.  P&ac.  3,     8iro,     UKKl. 
HocKeckvOiirt^  La  Soei^.^J«9  AmsdeM  Sciencen  et  Arts — Bulk'tin,  Tome  XIJI.  K«,  3. 

8m     ]90^t. 
ttornt  MinUtrff  of  Fidftie  Wotka — fiioniEJo  del  Geiiio  Civile  for  Dec,  1903  and  Jtn. 

]90*l.    8to. 
Royal  Engineer'*— Vmfemonal  Papcre.  Vol,  XXIX.     Sto,     »904. 
Eoml  Soeieti/  of  L<mdon — Philoaophical  Tra.TiBftctif>n8,  H.  No.  23*1.    4to.     liNH. 

PioccediDgsi,  No.  495.    8vo,     19(»4. 
Saxon  Sociiijf  ef  Scii^bees^  Boifai — 
Bcricbte  v  li&thdDmttoch.PhjelBcbe  Elaiiae,  um.  No,  € :  1904,  Nob.  1-::,    Svo. 
IOOS-4, 
Pbilolopiiicb-HiatoriBche  Elaese,  3 90S,  No».  3-6-     Sra     1903. 
AbUmdltuigeii :  ^ratbematiach-Pbyaisotie  Kluaae,  Band  XXVIU.  Nos.  6-7, 
4to.     19M. 
Pbil<il0giBeb-Hiiikiin0&U&  Kliksae,  Bend  XX.  Noa.  4  «ij J  t).   Hik 
1904. 
i!botti#A  MicrQ§atp(ad  Sockiy—PwoeeduigB,  Vol.  UL  No.  4.    8¥0.     1 90S. 
:^ttborne  Socirfjf— Nature  Notea  for  June,  1904.     8?o. 
J<ocieitf  of  ArU — JoutdaI  for  June,  1004.     8vo. 

Sutedsn,  Boyal  Apademfj  of  S(d«iwe* — Hnudlin  gar,  Bemd  X  X  X  V  [I.  Nos.  7  -  8.    4to. 
1904. 
Arkiv  for  Botanik,  Band  IL  Hiifle  1-:J.     8vo.     1904, 
Aikiy  for  Kemi.  Bwjd  I.  Hafte  *i.    Svo.     1904. 
SwinhwHWyJamm^  Eaq„  MJi.I.  (the  Author) — Entropy,  or  TliermodyiiamtcH  rroin 

an  Etifhiee/fl  Stand  point    Sto,     1904. 
Taeetiinif  Prof.  P.,  Son.  Mmt.  RJ.  (the  Au^Aor)— Momone  delk  Bocietk  deglt 

Bpettroet^pitfti  Italmui.  Vol.  XXXIIL  DiBp.  5.     4io.     1901. 
l^amvatU  Depaii'ment  of  A^^riculture — Jourtial,  Vol.  II,  No.  7.     8vo.     1904, 
Vmied  Scrviee  Institutum^  Royal— Jourti&\  for  June,  1904.     8to. 
United  Stale*  Department  of  Agriculture — Monthly  Weather  BeTiew  for  March, 
J904.     4to. 
Ejtpfriiueot  Station  HecorJ  for  May,  1904.     8vo. 
Ui^Ud  State*  Oeofogieal  ^ure^— Mooographi,  No.  XL VI.    4  to.     19bL 

Bnl iBtinA,  Nos.  :i liS,  2\B-2'I'I,    Svo,     1 90;M , 
United  StaiM  PaUni  r^^pce— Official  Gazette,  Vol,  CX.  No*.  ^-^.    8fo.    19U1, 
Fimna,  Imperial  GenhtQical  Jn*(»iM/<!— VefliandlunRen,  1904,  Nos,  5-8.    8rn, 
ForlcMtre  Artih»<jiogicai  SocifAn-"iQnTi\^\,  VoL  XVIII.  Part  1.     aro.     t9fH. 

Itidex  to  Papers,  Vol.  L-XVn,     8va     1904. 
Zaotogicid  Sodtiy  of  l^tidon — ProceedinfTft,  1904.  Vol.  I.  Part  I,    iS?n. 
Zurich  Natur/on^vhemlm  Oe«i!*fA.i/)f— ViortoljaUrMcbrift,  I90;i,  Heft  It,  1.    Svo, 
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GENERAL  MONTHLY  MEETING, 

Monday,  November  7,  1904. 

Sib  Jameb  Orichton-Bbownb,  M.D.  liL.D.  F.B.S.,  Treasurer  and 
Vice-President,  in  the  Chair. 

H.H.  Tlie  Baj  Bhawani  Singh  Bahadnr  of  Jhalawar, 
Joseph  Jennens,  Esq. 
Edwin  J.  Preston,  Esq.   * 

were  elected  Members  of  the  Boyal  Institution. 

It  was  announced  from  the  Chair  that  the  Institution  had  reoeiTed 
a  Bequest  of  £100  under  the  Will  of  the  late  Miss  Harriet  Jane 
Moore. 

The  Special  Thanks  of  the  Members  were  returned  to  Dr.  Lndwig 
Mond  for  his  Donation  of  £755  for  the  purpose  of  erecting  a  Lift 
from  the  basement  to  tho  second  floor  of  the  Institution,  and  anj 
surplus  after  the  completion  of  the  work  to  go  to  the  Besearch  Fund.. 

The  Presents  receiTed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FB03I 

Lord*  CommissionerB  of  the  Admiralty — Greenwich  Observations,  1 901 .   iU*.    1903 
PhotoheliogrnphicKesulte,  1;K)L     4t().     1902. 
Astrographic  Oabilojrue,  1900.  Vol.  I.     4t...     1903. 
Cuj)e  Observatory  Annals,  Vol.  IX.     4to.     1903. 
Report  on  Cape  of  Good  Hope  Observatory  for  1903.    4to.     1904. 
The  Secretary  of  State  for  India — Linguistic  Survey  of  India,  Vol.  III.  Vart  2; 
Vol.  V.  Part  2.     4to.     1903. 
Archsaological  Survey — 

Southern  India  Inscriptions,  Vol.  III.  Part  2.     -iU).     1903. 
Annual  Rei)ort,  Bengal  Circle,  1904.    4to. 
Report  for  190:^-4.     4t4i.     1904. 
Geological  Survey — 

Rec'ords,  Vol.  XXXI.  Part  2.     Syo.     1904. 

Memoirs,  Vol.  XXXV.  Part  I] ;  Vol.  XXX\T  Part  1.     8vo.     1904. 
PaliBi>ntologi«i  Indictt,  Ser.  XV.  Vol.  IV.     4to.     1903. 
Report  on  Administration  of  Central  Provinces,  1902-3.    4to.     1903. 
Britiih  Museum  Trustees — History  of  the  Collections  in  the  Natural  Histoiy 
Department,  Vol.  I.    8vo.     1904. 
Catalogue  of  J  urassic  Plants,  Part  II.     8vo.     1904. 
Second  Rejyort  on  Economic  Zoology.    8vo.    1904. 
Introduction  to  the  Study  of  Mt  teorites.     By  L.  Fletcher.    8vo.     1904. 
Catalogue  of  the  Library  (Natural  History),  Vol.  IL  E-K.     4to.     1904. 
The  French  Govemmeitt — Recucil  des  Chartres  de  I'Abbaye  de  Clnny,  Tom.  VI- 
121 1-1300.     4to.     1903. 
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Aeoadmnia  dm  Lincei^  Reate^  Roma — Atii»  B«rit»  Qatnta.      Claase  di   Bcieoza 
FiBiclip,  Vol.  XIII.  2"  Semeatm,  Faao.    1-7.     OlRaae  de  Scienze  Momli, 
Vol.  XIII   Faao.  l-G.     8to.     JtttH. 
Keti4ia>nti,  !90*,  Vol.  It.     -tt*!. 
XtR(?rrcn»  Academtf  of  Artt  and  Sctencej—Pnweedinga.  Vol,  XXXIX,  Nofl.  21-^24; 

Vul.  XL.  Noft.  1-5.  Sm  19«4. 
Amerimn  Gtti^aphioal  ^wisi^— BaUetiD,  YoL  XXX YL  Noa.  8-9.  8vo.  nm. 
Xm^watt  Phlhmphieat  ftoefelj— PrMeedings,  Vol.  XLIII.  No.  176.  8vo,  1904, 
vlfib/ofeHan  Societff — Prrjoc-ediriga,  Now  Series,  Vol.  IV.  8vo,  1904. 
AFtaiic  Soeiettf  of  Btnofd—Fmc&.'dmga,  1903,  No  1 1  ;  1004,  Nob.  1-5.  fivo,  1904. 
JourrmU  You  LXXIL  Part  I.  No  a :  Vol.  LXXIIL  Pnrt  I,  Nof,  1-2,  Pflrt  It. 
Nos.  1-2.  Part  Ur.  No«.  1-2.     8vo.     liHH. 

J  5cwfe<y,  Koydf— M-^ntUv  Notice*,  Vol  LXIY.  No.  ».    8?o.     10n4, 
Volfl.  LIV.  LV.  witb  ApfiOTvdico*.    4to,     1^4. 
AwOnrndbi^  €lu}>—Jtiurnnl  for  July-Uci,  I'JGl.     4ti>. 
nankere^  In*titutf  of—Joaru\ih  Vol.  XXV.  Purt  7.     Svo,     ItHM. 
Batama,^  Met&arohigical  Obterratory—OUtubrviithytiB^  Vol.  XXV.     4tf).     lUfHv 
BechtnhaHpf,  C.  E*ij.  {the  Authm) — Lq  Mccatiiatnc  iIr  ]«  Vie,     Svn.     U»04, 
B^hjium.  iii^al  Academy  of  Seitiii^t—Bu\lc\m,  1904.  Nn«.  5  8,     8vo. 
Bvriin,  lifiyal  Aeademif  (j/^iirtjerr^Sitaungaboriclite,  1W04,  No»k  :i.'i-40.     8fo, 
^>JWift,  K(iri,  Esq,  (the  Atithfiry-lhin  Neui-u  Sterns  Nova  (H.  1901)  Poraei,     4 to. 
1U04. 
Snr   te  Chin;   CMnaitierc   ojinrae   Fondeiucnt  dea  Tb^jirieB  CHn^tiqiieit  de   In 
Preaai4in  dou  G&z,    ^vo.     1904. 
.fiffrrfifon,  G.  (the  Authory—hn  Gmmle  Sctjpertii  del  S©Ciili>  XX,     8vo.     liK)4. 
Bo«Cmi  I'tihlie  Uffrary— Monthly  Butletiti  fur  Julj-Oct.  11104.    Sto. 
Botanic  8f>cifiitj^  i?mf(i/— Quarterly  Record,  April^JuDe,  1004.     8to. 
Britith  ArchiUcd^,  J^iyai  /ft<r/i7i*l«  o/-^ouriiul,  TJtlrd  Series.  Vol.  XI,  Ntw.  17-20. 
4to,    vjm. 
Thtf  Kulendflr,  l'J04-S.    8vo.     1904. 
Britith  AB/mcifttion — Uaaoti  of  the  Seventy  •third  (Soutbptirt)  MefitjtigTi  1^03.   8vt>. 

10U4. 
Britiak  Antftmomical  AttmemWon—Jomaah  Vol.  XIV,  Noi.  9-10.    Bvo.     1904. 

Memoirti.  Vol  XII.  P>irt  3.     8vq.     UMH. 
Biroohlyn  /«*£/;«/**— Mom. pi ra.  Vol.  I.  N.*.  1.     8vo.     1904. 

.Buent,Mi  ^yr^^ — Mont  lily  Oiiltetin  of  5f  iinicipal  Stitisticfl  Tor  M&y-Jou*,  1901.   4  to, 
Camdrridffn  Obtttrvutiirff—AmmtA  Kep^irtu,  l!^Ul— 1,     4t/i. 

Cbm^i'd^  Pkilmophiml  5bwd|/--Pn*e*fdiagy,  Vol.  Xll.  Pftrt  8.     8fO,     1004* 
GitMbiat  Department  of  the  /wtefiW— Re|h>rt  on  th«  Great  Labdalide  at  Fraiik, 
Altrt,  jyuli     «To.     19<H, 
Mft{]B  of  Alrmnfetl  Police  Station b  in  N.W.  Ctiaada  aud  N.W.  Territori^a,  1004. 
TofH>grBphic%]  Map  of  Tjinaiia:  Wiuilftor  nh^et. 
Biulwujr  Miip  oi  Muiiitobft.  Albortu,  HubkntcheiraD  and  ABainlboiOh. 
Gmada,  O^oioifiml  SttrDey—VUiptiTU,  Vol.  Xtll.  11^00.     8vo.     1903, 
Obnada,  Mrteorot^tgicat  S<TD/cr— Bcport  for  190Z.     4tu.     lOQB. 
CSsiKJrffinii  InKtittiie — rrartsactioim.  Vol  VIL  P.art  14.     8vo,     1904. 
Canterburij,  Tha  Matfor  txnd  ^brporaiiim—Th^  Ancient  City  of  Cfttiterbury.     By 

P.  W,  Furrar  urn]  othem.     4  to.     1004, 
OiawiVqJ  hitimtry,  So&iety  of— J oatoal  Vol.  XXIIL  Noa.  13-20.     8to. 
{MmUmi  S0flf«!ty—Jfntma[  for  July-Oct,  1904,     «to. 

LlAtnf  Folio VTH,  1901.     8to 
GMeagfi^   Field  Co!umhmn   Muteum^Anthmpologits&l  Series,  Vol.  III. 
Vol.  V.-V  I. :  Vol.  \'I [.  No,  1 .    Zonlogioyil  sierie*.  Vol,  IlL  Noa.  15-16, 
St^rie*,  Vol.  III.  No.  2.     Sto.     1903-4. 
Ciml  Snffinefr^,  InditHtHm  o/*— ProoL'C^linpi,  Vol  CLVI.-t^LVO.     8m 

L»st  f^  M<*nil»nn».  1904.     8vo. 
Gotambiat  Minitterit  de  fiiiaeione*  M^ttTittre* — Pfuteittn  ifo  I'oiumbia  centra  ot 

Tratodo  tntre  Pamtmn  y  los  EllAdot  tJtlldoi.     8?o.     1004- 
Oolmial  Ifutitute,  fiCoi/of— Proc-eddingji,  Vd.  XXXT.    8m     1904. 
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ComwiO,  Bofol  PolffieehmU  fioeMjr— Sevrntj-fint  Annual  Report,  190S.    Sra 

1904. 
Craeovie,  AcadimU  dea  ^Snenoe*— Bulletin,  1904.    Glaase  dee  Sdencee  Mnthftna- 

tiquei^  Noe.  4-7.    Glasse  de  Philologie,  Noe.  4-7.    8vo.     1904. 
l>as.  &M<^  <i«  Borda—Balletiii,  1904,  Faeo.  1.    8to.     1904. 
Dudgeon,  J.  Seott,  Eaq.  (ike  JttOor)— Agricnltare  as  an  Indiutry.    8td.    1004. 
Sa$t  India  JtMetaiuw-nJonmal,  Vol.  XXXVIL  Noe.  85-S&    8to.    1904. 
£Itfiifriif^  12(^  i8bMete--Pitxeedinn.  Vol.  XXV.  Noe.  8-4.    8to.     tM4. 
Bditon — AerooBntical  Journal  for  July  and  Oct.  1904.    8to. 

American  Journal  of  Science  for  July-OoL  1904.    8to. 

Analyst  for  Jaly-Oet  1904.    8to. 

Astroph^cal  Jiiomal  for  Jnlv-Oct  1904.    8to. 

Ateneo-yeneti>.  Aug.  1902  to  "Dec  190S.    8yo. 

Athennnm  for  Julv-Oet  1904.    4to. 

Author  for  Aug.-NoT.  1904.    8to. 

Board  of  Trade  Journal  for  July-Oct  1904.    8to. 

Brewers*  Joumiil  for  July-Oot*1904.    Svo. 

Cambridge  Appointments  Gazette  for  Not.  (No.  17)  1904.     8to. 

Gbemioiil  News  for  July>Oct  1904.    8vo. 

Chemist  and  Druggist  for  Joly-Oct  1904.    8?o. 

Dioptric  Review  for  Sept.  1904.    8to. 

Electrical  Engineer  for  July-Oct.  1904.    fol. 

Electrical  Reriew  for  July-Oot  1904.    fol. 

Electrical  Times  for  Jnly-OcL  1904.     4to. 

Electricity  for  Jnly-Oot.  1904.    8to. 

Electro-Chemist  and  Metallurgist  for  July,  1904.    8vo. 

Engineer  for  July-Oct.  1904.    fol. 

Engineering  for  July-Oct.  1904.    fol. 

Engineering  Review  for  Aug.-NoT.  1904.     8to. 

HomoBopnthic  Review  for  Aug.-Nov.  1904.    Svo. 

Horological  Journal  for  Aug.-Nov.  1904.     8vo. 

Journal  of  the  British  Dental  Association  for  July-Oct.  r.>04.     8to. 

Journal  of  Physical  Chemistry  for  June-Nov.  1904.    8vo. 

Journal  of  State  Medicine  for  July-Oct.  1904.     8vo. 

Law  Jouriml  for  July-Oct.  IJKH.     Svo. 

London  E<lucation  (Gazette  for  Julv-Oct.  1904.     fol. 

London  University  Gazette  for  July-Oct.  1JM)4.     fol. 

Maehinery  Market  for  July-Oct.  H»04.     Svo. 

Model  Engineer  for  July-Oct.  1904.    Svo. 

Mois  Scientlfiqne  for  June-Sept.  1904.     Svo. 

Motor  ('ar  Journal  for  July-Oct  1J>04.     Svo. 

Motor  Car  W(»rld  for  July-Oct.  1904.     Svo. 

Musical  TimcH  for  Jnly-Oct.  1904.     8v<>. 

Nature  for  July-Oct.  1904.     4to. 

New  Church  Magazine  for  Aug.-Oct.  1904.     Svo. 

Nuovo  Cimento  for  April- Aug.  1904.    Svo. 

Page's  Weekly  for  July-Oct.  1904.     Svo. 

Pliotograpliic  News  for  July-Oct.  1904     Svo. 

Physical  Review  for  July-Oct.  1904.     Svo. 

Public  Health  Engineer  for  July-Oct.  1904.    Svo. 

Science  Abstracts  for  July-Oct.  1904.    Svo. 

Terrestrial  Magnetism  for  June  and  Sept.  1904.    Svo. 

Travel  for  July  and  Oct.  1IK)4.     Svo. 

Zoophilistfor  July-Oct  1904.    4to 
Electrical  EngineerB,  Imtilution  o/— Journal,  Vol.  XXXIII.  Parts  4-6.  \tT9.  1904. 
Florence^  BibUoteca  Nazionale — Bulletin,  July-Oct  1904.    Svo. 
Florence^  Reals  Accademia  dei  Gtorgqfili — Atti,  4o  Serie,  Vol.  XXVL  Disp.  4 ; 

5<.  Serie,  Vol.  I.  Disp.  1-3.     Svo.     1903-4. 
Franklin  Institute— Journal,  Vol.  CLVIIL  Noe.  1-4.     Svo.     1904. 
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8to, 


GtUffrapkMol  S(Hiieiy,  Bojfal — Geogmpbioal  Journal.  Vol,  XX IV.  Not  1-5. 

1904. 
G«chgwU  SxUiy—Jounmi,  Vol.  LX.  Patt  S.     §va    1004. 
GmIo^'ooI  ^rryy  o/  2A«  E7niee<f  Kiftgdom—Suiuti^rj  of  Pmgreis.  IfldS, 

1904. 
6dltft»(r«i,  j<«d<nu/  (*/ iSc*snj!)M^Nn*^bi-icliten,  l^Ml^k  MatUemiUtBC^h^PJiVisitciilificbu 

f{"lii«*f ,  Heft  :i.     8t(i. 
Ge?*cti*iftlube  MiUbcilimgoa,  1**04,  Heft  I.     8vo. 
ffdUnic  Studies,  iv/eithf  for  the  Pwmolwn  o/— Hietory  of  %\m  Stioietj,  1879-1904. 

By  G.  A.  MacmillQii.     Kyo,     19U4. 
J7«iirtAwa,  G*»  £!ig.  ((/**  ^ufAor) — Th*:!  Imn  Ore  BepociU  on  SjdTitruiiger,  Norway. 

8to,     1904, 
HittmitoA  Manujf^pt*  Commi^^ion --Report  an  Amodtnti  Miinudcrlfits  in  the 

Eityal  luKtitiitioii  urGreut  ItritAiQ.     8v".     IIKH.     4  cii|jJ4.'d 
Iron  and  Siet^  /mtitute-^founud,  Vol.  LXV\     Svn.     1904. 
Jffartim  Ph^timl  Laiiaratoiy — I  notributions.  Vol  I.     4 to.     iy03 
JoAii#  HopkinM  Univernty—Arnvrimn  Jmimnl  of  Philoloj^y^  Vul.  XXV,  No.  2, 

«m     11*04. 
Jum(»  Imtituiim  of  Engine^*— TTiaim£^\uua,\\,i.xnL  1902-^.    Sto.     liH>4, 
X«a«y^,  S.  P.,  E9q.,  Boh,  Mem.  R.l.  (the  AuUtQr}-~Oii  the-  Posaiblc  V&riiitloiL  of 

the  H*j]ar  Badintion  nod  its  Probible  pjfTvct  on  Tt^rrwtrial  Tempo raturea, 

Svi).     1004. 
Ltfdbwe,  (X,  Ejg.  (iAe  Jwiftw*)— Mra  Et»pea  d'Alpiuisme.    Hvo,     1904. 
L«i^&l«m»  /dbn,  Ktq,  ytR.I. — .I-mrn;il  of  lite  Ex*l.ibrts  Bocielv  for  Jaao-Aug. 

1904.     8¥ii. 
Life- Boat  Inttitution,  tit>yal  Natwaal— J tmmui  for  Auilt-  ftnd  Nov«  1904.    Sf  u. 
Linnean  Societff^S ourQAl  Brjtany,  Vol.  XXXVL  No.  254.     «vo.     ISO*. 

Tmtuwiction^  B-jUiiv,  VnL  VI.  Parts  7-0:  Zoologv*  Vi>l.  VIII.  Pgrt  IM,  Vol.  IX. 

Pifcrl«a-1    iUh     1W4, 
LidHMf  Romi  Adr&mfmiml  Obinrvatoiy — Ubservjitiotis  d^EolipBes  de  Loui?,    By 

C.  BoonqueB. 
Ourroctions  aux  Ascensioiifl  DMitea  dti  qoelqu^'^  EC^iIIcb  du  B«irtiaei-  Jahrbuob, 

By  C.  Bfjdriqaat.    4t.i.     ISHM. 
LUeraimrv^  Hmjal  Soei*^if  d/— TranaMsliona^  Second  SerleB,  VoL  XX  V:  P»rt  », 

8¥0.     IH04 
Mtuiridt  Moy<il  Afiatlmafj  of  8ei«itcet — Revinta,  Tom,  I.  Not.  1-4.    8vo     iSKli 
MaUmamt,  J.  /*.,  S^q.  (ihf  Aidhor)—Ooke  OvtMii  iLtxl  ih&lt  HUtury.     fol.     1904, 
Mamtadm^Ui  Inftitute  of  T«ch nofc^y—Tocbiiolag^y  Quarterly,  Vt»L  XVII.  No,  It 

Sm    190L 
Biirliniiimf  Etmrn-trt,  Institution  qT-^Procoeiliiigi!,  L904,  Noa.  1-2.    Sfo, 
Medicai  and  ChirurffiaU  Soeifi^,  flojw*?— Tmiisactionft,  Vol.  LXXXVIL    8vo. 

liKH 
Mmch,  K. — Aniiujil  Ileporta  un  tbe  Adviojoement  of  Pbiirmnoeatiotil  CliemiAtry, 

Vql.  XVII.  UW!.    8vo.     11)04. 
Aferitfir  fltpmKTtwtwy— HefKwt  on  tbe  Ni4vig»tiun  of  the  ftiver  Heraey  for  1903. 

Sto.     1904. 
M«h(mfhgifiMi    OJuyf— Ctimatok)gie«l    ObBerviitiniu   %i    Colotiml  and   Forei^ 

SlatioTiB,  Piirt  I.     4to.     1904. 
CircaluiiDTi  nf  tbc  AtmoBphorc  in  Mij^'h  LAtitndei.    By  W.  N,  Bbsw     ^v** 
1904. 
JMcrmifemc^  i$i)ct>/y,  lfo|M'-Joiinkal,  Vol.  XXX.  No.  131.    Sra.     1904. 

Racoid.  Vol,  XXIII.  No.  92.    8to.     19(H. 
JM«{nippUla»  ilwlwiw  .BMird— Annual  Repf^rt  forllie  Ym  1 90S.     Sra.     1904. 
Mmieoi  Muteo  Miehoaeana,  Mordia — Relaoioii  de  Michoacan.    8to.     1904. 
MsHm^  Geotogieat  IntiituU^Ftirergune^,  Tomo  L  Noi.  1-3.    $xo.     1904. 
Mitroteopicni  Sod^y^  lio^l — Jouriinl,  1904,  Parta  IV.-V.     8to. 
Jlwwrtir*  H^tanimi  Gnnierx—y'ihvenXU  Auiiuftl  Report,  1904.    Svo 
^Isry  ijM^«— Neivv  |je«prue  Jounial  for  Aug. -Oct.  1904.    Sya 
iYtw  ./*fwi|f,  (3«il(j^i'«jf  Sufn^f—KoX.  V,  Final  Ke|«rt    «v*>.     1904. 
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Xew  South    Wates  AgetU-GeneralSiathth^l   Acootmt  of  Auatx*li»  uihI   New 

Zealand.     By  T.  A.  O.ghlafi.    Svo.     1904. 
Ntno  South  WaJen,  Department  of  PriwTu^R&port  on  the  PpeveutioE  and  Trutt* 

meiit  of  Crinj©.     4to.     UHM. 
xVmc  York  Amih-jtiy  of  ^imcaf— Aiiitftls,  Vul  XV.  Pnrt  2.     Sv**.     1904. 
Ntw  J?*(i/«?id»  ^j^eM(-{?e«*raf/or— Offlcinl  Yeiur  Itook,  I9ti3.    Sro. 
Beiiort  on  Department  <if  AsTitiulture.    8to.     li>03. 
Keportfl  on  Minfmla,  Miuiug  fc^tatihtic«.  etc,,  of  tlie  Oftloijy.    8ro  tiikd  4*0. 

Norfolk    and  Xmvtidt  NatttmUtt«  Soet^ff—Tnusuct'Kmn,  Vol.  VIL  Put  S,    Uto. 

1904. 
€^lonl0lo£ricnl  Sf-metif—TmnauKtmuSy  Vol,  XXXVI.  No.  8,     Svo,     11W4. 
Pflff*.  Socifte  Frail faUc  dc  Phymque — BulledQ,  11«)4,  Fuse.  1-2.     8vo. 
Frnmytvauia,    Unitersiitf    o/— -Coiitributidna   feim   the   Znologioal   L»bot&l#)r^, 

VoL  X.  i90a.   svu.    iao4. 

BulletiiiB,  NntL  4 '5.     B^n.     HIM, 
P^rtf,  Cti«Frpo  dt'  higenierm  de  Mimia — Buleliiii  NtM.  T*  8,  12«  14.     8to.     1904. 
PlMirminxiiticat  Societtj  of  Great  jBr*tatn--J(»Ufual  for  Jaly-Oet  1904.     8to. 
Photo^aphio  ihcidy^  Royal ^  J otiiiml.  Vol.  XLIV.  NitB.  0-8.     8 To,     1904. 
I'hjftical  Society  »/  J.oftdfm— Proceediii^a,  ^'oL  XIX.  Part  2.     8vo,     1901 
Righi,  Jm  A'*^,  (^^4!  JiiWor)    8uUa  Badiottivita  iWx  Metal li  Usunli.     4to.     l9iH* 

Keperieii^i   Dimoiistrative^ulla  BadioUivita.    «vo*     Jy04. 
/fmtw,  Miniiiry  of  Public   WWit*— Oiornale  del  Gunio  Civile  tor  Feb-Hueit, 

1»04,    8ti*. 
Btfii/3«4  i*y»:/e£^— JDiirnal.  V«K  I,  No.  1.     Svo.     1W4- 
ii^ti/  Colt*'gt)  flf  Surffeoiii — The  Culendar,  1904.     gvo. 
Hf/ffol  Engintttn^  ItfuiUute^-GeneTBi  9ir  Henry  JJarnefi*,  H,I5,    By  GeaamI  Ool- 

linsoti.     Edited  bj  General  Webber,     Hv«.     UHJ3. 
HQjfal  iktci^^  of  Cunaffa— Proceedintra  nud  TraDaactioD^,  Vol.  IX-    Swo,     1903, 
Rffyal  Sodfiti/  of  LondoH—Fh'iloMtphlc&l  TnnieActifiQSt  A,  Koa.  3415-374;  B,  N(«. 
231-233.     4to.     ltK)4, 
Procfflditigs,  Ni(B.  4tMM!J&.    Hvo.     ItHM. 

Obiiunry  Notices  of  FellowB  of  the  Royal  S^wietv,  Vntt  lit     8vu.      1*104, 
Muutll,  iK  /.,  Eiq,,  FM.S.  MR.L  {the  AuUiory^Tha  Action  of  Wood  on  a  Ptiolo- 

g^mphic  Pla.t«  in  the  Durk.     4lo.     Um, 
St  Bartholimietc'M  Hospitni—iMt^tisticivl  Tabka.  1U03,     Svo.     1904, 
Si.  Peter^mrg,  Jmwrml  Amdjsmfj  of  Sciaftre»~-M^moirtig,  VoIa  XIU.  Mo*<i  XTV, 
XV.  XVI,  NiHt.  1-3,    4to.     in04. 
Coniptes  Renduj  de  la  i'ommiasioD  Siamiiine  Pennanente,  Tom.  L  Lit.  3.     8^0. 

Ainittirtf  Ifiatitutes—JomntnU  Vol.  XXV-  Part  2.    8v(h     1U04. 

Scoiivth  MicTfuKopical  iSociettf—]:*ro&*edingB,  Vol,  iV.  No.  1.     8vo.     ia04. 

Seaborne  Socieiy — Nature  Notea  fof  July -Nov.  VJUH.     8vo. 

SenneU,  A.  J?„  M*q.,  M.ILL  {the  AfUhor)—AtiQm  the  Gt^t  Saint  Bemanl.    *^v«. 

Smith,  B.  Leigh,  J3«/,,  M.A,  M.R.I.— The  Scntlieli  Geograpbicai  MngMint.  V-»l, 
XX.  Ni>a.  7-lL    Svo.     Ui04. 
Tnnubctiontf  of  l\w.  luatitutu  ol  Na^al  ArcliiU^etas  Vol.  XLVI.     4to.     190-1. 
SmithwnmnfttMfitutifni—AjmuB.1  Roport,  1902,  U.B.  NatioDul  MiiMum.  8n»,  IIKM. 
The  19{K>  Solar  EctipBc  Expedilinn  of  (Ul^  A^truphyaiciil  QlMeTfutarj,  4to.    ItXH, 
MiteellaDft^ua  Oollectiojw,  Vol,  XLIV.  No,  ]417:  Vol,  Xh\L  No,  1441;  Quar- 
terly Luiue,  VuL  II.  No.  1.     Svo.     1004, 
Soviety  of  A  rU  —  Jtjnrna  1  foi  J u I v -Oc t,  1  *,H>4      Svo, 
Stmth  AwtTafiau  Sch*>ol  of  iVine'if-li&poit,  1903.     Svo.     1904. 
Statidicnl  Society,  JRoyal—Jvumhl  ^\d.  LXVIL  Pari  2.     8fo.     19<>4. 
Stoekfidm^  Ifoyal  Stteiihh  Aottdefny  of  Scieneea—ATklv  for  Eoologe.  Btyid  t  Hifle 
3^5  Diibtnik,  Band  II.  Uifte  4.    Svn.     11)04. 
AiBbok  J  or  JU04,     8to,     U»04, 
Htindligar,  Band  XXXVIII.  Nt«.  1-3.     4to.     Iil04. 
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Sweduh  OovemmetU— Sweden,  ita  People  and  its  InduBtry.    Edited  bj  G.  Simd- 

barg.    Sto.    1904. 
Taeehim,  Prof.  P.,  H<m.  Mem.  R.I.  ijthe  ^utftor)— Memorio  della  Sooietii  degli 

Spettrofloopisti  Italian!,  Vol.  XXXIU.  Disp.  6-8.     4to.    1904. 
Taamanian  MaU  (the  Pvblithen}-  Centenary  Houvenir  of  Tasmania,    fol.    1904. 
Toronto  CTmverM'ty— Studies :    Chemical  Series,  Nos.  40-43;    Phjsioal  Serifls, 

No.  4 ;  Physiological  Series,  No.  5.    8vo.    1904. 
Turner,  Prof.  H.  JET.,  D.8e,  P.R.8.  {the  ^irf*or)— Various  Papers  from  the  Monthly 

Notices  of  the  Iloyal  Astronomical  Society.    8vo.    1903. 
Vniied  Service  hutUutum,  Royal-^onmal  for  Jnly-Oct.  1904.    8to. 
United  8taie$  Department  of  Agrieuliure — M«mthly  Wesither  lieview  for  April- 
July,  1904.     8vo. 
HuUetin  M.    4to.     1904. 

Experiment  Station  Record  for  Juue-Sept  1904.    8vo. 
United  States  Geological  /Surrey— PrDfessional  Papers,  11,  12,  16-20,  21-23,  28. 
4to.     llH)3-4. 
Bulletins,  223-232.     8¥o.     1904. 
Water  Supply  Papers,  89-95.    8vo.     1903. 
Twenty-fourth  Annual  Report,  1902-3.    4to.     1904. 
Mineral  Resources  of  the  United  States,  1902.    8vo.     1904. 
Geologic  Atlas  of  the  U.S.A.    Folios  91-106.    fol.     1904. 
{United  .»atMPa<en<Q2^io»— Official  Gazette,  Vol.  CXI.-CXII.    4to.    1904. 
United  States  Surgeon-GeneraTs  Office — Catalogue  of  Library,  Second  Series, 

Vol  IX.    4to.     1904. 
Upsala,  Royal  Academy  of  Seieneee — Nova  Acta,  Serie  III.  Vol.  XX.  Faae.  2.  4to. 

1904. 
Vereinzur  Befdrderung  dee  Geicerhjleieset  in  Preuesen — Verhandlnngen,  1904. 
Heft  6-7.    4to. 
Jahrbuch,  1903,  Heft  3.    8vo.    1904. 
Vietona  /«M(ftofa-^oumaI,  Vol.  XXXVI.    8vo.    1904. 

Fi'mna  impertoZ^eoIogieal  itit<«<ufo— Verhandlnngen,  No^.  9-11.     8yo.     1904. 
Abhnndlungen,  Band  XVII.  Heft  6.    4to.     1903. 
Juhrbucb,  1!H)3,  Heft  2-4.    8vo.     1904. 
Ward,  H.  A.,  Eeq.  (the  ^tt<*or)— Catalogue  of  the  Ward-Coonley  Collection  6f 

Meteorites.    8vo.    1904. 
Warman,  J.  Wateon,  Esq.  ithe  Author)— The  Organ,  Parts  I.-IV.    8vo.     1908-4. 
Waehington  Aeademy  of  iSoienoe*— Proceedings,  Vol.  VI.  pp.  1-202.    8yo.     1904. 
Wofhington  Philoeophieal  5oeMfy— Bolletin,  Vol.  XIV.  pp.  247-276.    8va    1904. 
IFM<em  &>e^y  o/ A'tiytnetfrs— Journal,  Vol.  XIX.  No.  3.    8vo.    1904. 
iJ«)togf«i^&>cw«y--Pr.Kjeedings,1904,Vol.I.Part2;  Vol.ILPartl.    8m    1904. 

Transactions,  Vol.  XVII.  Part  3.    4to.    1904. 
Zurich  Naturforschenden  ^MettfoAa/f— Vierteljahrssohrift,  1904,  Heft  1-2.    8to. 
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GENERAL  MONTHLY  MEETING, 

Monday,  December  5,  1904. 

Sib  James  Cuiohton-Bbowne,  M.D.  LL.D.  F.R.S.,  Treasurer  aiid 
Vice-President,  in  the  Chair. 

Colonel  C.  W.  Carr-Calthrop,  I.M.S.  Rtd. 

Cecil  Hanbury,  Esq. 

E.  Graham  Little,  B.A.  M.D.  M.U.C.P. 

Hugh  Making,  Esq.,  B.A. 

Edward  Reinach,  Esq. 

were  elected  Members  of  the  Koyal  Institution. 

The  following  Resolution,  passed  by  the  Managers,  was  read  and 
adopted : — 

Beiolvedj  That  the  Managen  of  tho  Royal  lastitutioQ  of  Great  liritaia  dadm 
to  record  their  sense  of  the  loss  sastainedby  the  Institution  in  the  deoeaae  of 
Mr.  Frank  McCIean,  M.A.  LL.D.  F.R.S.  MlnstCE. 

Mr.  MoClean  became  a  Member  r>f  the  Royal  Institntiim  of  Great  Britain  in 
1870,  and  has  served  tho  Institution  both  as  Visitor  and  as  Manager. 

His  important  spectroscopic  rosearcheu,  and  tho  interest  he  aivrays  took  in 
aiding  experimental  Hcientific  inquiry,  have  done  much  to  promote  the  obieofiB  of 
the  Institution. 

The  Managers  desire  to  offer  to  Mrs.  McClean  and  her  family  tho  fX{)res8ioD 
of  the  most  sincere  sympathy  with  them  in  their  bereavement. 

Tho  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Meml>ers  returned  for  the  same,  viz.: — 

PROM 

TJte  Secretary  of  State  for  India — Ueport  on  Madras  (Tovernment  Museum,  llK>3-4. 
4to.     1904. 
Geological  Survev  of  India:   Records.  Vol.  XXX 1.  I*art  :»;   Memoirs,  Vol. 

XXXII.  Part  4.     8vo.     1004. 
Catalogue  of  the  Imperial  Library,  Calcutta,  Part  I.  Vols.  I.-II.     4to.     1904. 
Accademia  del  Linrei\  Reale^  JSoma— Classe  di  Scienze  Fisiche,  Matematiche  e 
Naturali.    Atti,  Serie  Quinta:  Rendiconti.    Vol.  XIII.  2"  Semestre,  Fasc.  8. 
8vo.     liK)4. 
American  Academy  of  Arts  and  «Scietw;e«— Proceedings,  Vol.  XL.  Nos.  (»-T.    8v<k 

1004. 
American  Geographical  Society — Bulletin,  Vol.  XXXVI.  No.  10.     8vo.     1«J04. 
Amsterdam,  Royid  Academy  of  Seiences — Vorhandelingin,  1«  Sectie,   Dl.  VIII. 
Nob.  0-7 ;  2"  Sectie,  Dl.  X.  Nos.  1-0.    8vo,     lOOa  -4. 
Zittingsverslagcn,  Vol.  XII.    8vo.     100:5-1. 
Juarboek,  lOO:!.     Svo.     1004. 
Astronomical  Society,  Royal— Monthly  Notices,  \<A.  liXIV.  No.  0.     Svo.     1904. 
Automobile  Club—JonnioX  for  Nov.  1904. 
Bankers,  Institute  o/"— Journal,  Vol.  XXV.  Pni-t  8.     Svo.     11K)4. 
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Btutl,  Maiar/urachenden  GettUaehaft—Xcrheaidhitigenn  Baud  XV.  Heft  3.    8vo. 

1904. 
.Bofton  Public  Library— Mouiii\y  Bulletin  for  Not.  1U04.    8vo. 
Britiih  ArchiUcts,  Royal  Imtftute  o/— Jouraul,  Third  Series,  Vol.  XII.  No«.  1-2. 

4to.     IIMM. 
British  Aairononiicul  Association — Journal,  Vol.  XV.  No.  1.     Svo.     1904. 
Calntf  C.  E..,  Ev/.  (the  Author) — Sulphurous  Acid  and  Sulphites  as  Food  Pra- 

bervatives.    8vo.     1904. 
Canadian  Institute — Proceeilings,  Vol.  II.  Part  0.    8vo.     1904. 
Chemical  Industry,  Society  o/— Journal.  Vol.  XXIII.  Nos.  21-22.     8vo.     1904. 
Chemical  Awnc/w— Proceedings,  Vol.  XX.  Nos.  284-285.    8vo.     1904. 

Journal  for  Nov.  1904.     8vo. 
Chicago f  Field  Columbian  Museum — Publiciitious :   Geological  Series,  Vol.   II. 

No.  5 ;  Zoological  Series,  Vol.  IV.  Nos.  1-2.    8vo.     1904. 
Clinical  Society  of  Xondon— Transactions,  Vol.  XXXVII.     8vo.     1904. 
Editors — American  Journal  of  Science  for  Nov.  190^1.     Sv<». 

Analyst  for  Nov.  1904.    8vo. 

Astiophysioal  Journal  for  Nov.  1904.     8vo. 

Athenaum  for  Nov.  1904.    4to. 

Author  for  Dec.  1904.    8vo. 

Board  of  Trade  Journal  for  Nov.  1904.     8vo. 

Brewers*  Journal  for  Nov.  1!M)4.     8vo. 

Chemical  News  for  Nov.  1904.    4to. 

Chemist  and  Druggist  for  Nov.  1904.    8vo. 

Electrical  Engineer  for  Not.  ltK)4.    4to. 

Eleetrical  Review  for  Nov.  1904.    4to. 

Electrical  Times  for  Nov.  1904.    4to. 

Electricity  for  Nov.  1904.    8vo. 

ElectKHChcmist  and  Metallurgist  for  Dec.  1904.    8vo. 

Engineer  for  Nov.  1904.    fol. 

Engineering  for  Nov.  1904.    fol. 

Homax)pathio  Beview  for  Dec.  190-1.    8vo. 

Horological  Journal  for  Dec.  1904.    8vo. 

JonmaT  of  the  British  Dental  Association  fur  Nov.  1904.     8to. 

Journal  of  State  Medicine  for  Nov.  1904.    8to. 

Law  Journal  for  Nov.  1904.    8vo. 

London  Technical  Education  Gazette  for  Nov.  1904.    4 to. 

London  University  Gazette  for  Nov.  1904.    4to. 

Machinery  Market  for  Nov.-Deo.  liM)4.    8vo. 

Model  Engineer  for  Nov.  1904.    8vo. 

Mois  Scientiflqne  for  Oct.  liM)4.    8vo. 

Motor  Car  Journal  for  Nov.  1904.     4t(». 

Motor  ( -or  Worid  for  Nov.  1  (MH.    4t«  u 

Musical  Times  for  Nov.  19(H.    8vo. 

Nature  for  Nov.  IIMM.    4to. 

New  Church  Magazine  fur  Nov.-Dec.  liHK.    8vo. 

Nuovo  Cimento  for  Sept.  1904.    8vo. 

Page's  Weekly  for  Nov.  1904.    8vo. 

Photographic  News  for  Nov.  1904.     8vo. 

Physical  Beview  for  Nov.  ilHH.    8vo. 

Public  Health  Engineer  for  Nov.  1904.    8vo. 

Science  Abstracts  for  Nov.  1904.     8vo. 

Zo<»phili6t  for  Nov.  1904.    4to. 
Flirrenee,  Biblioteca  .Yasionafo— Bulletin  for  Nov.  1904.     8vo. 
Ptaiiklin  7/i«/i<ri/(;— Journal,  Vol.  CLVIIL  No.  a.    8vu.     liK)4. 
Q€ologioal  Society— Ahutncta  of  Proceedings,  Nos.  799-800.     8vo.     1904. 

Liatof  Members,  190-4.    8vo. 

Quarterly  Journal,  Vol.  LX.  Fart  4.    8vo.     1904. 
Glasgow,  Jioyal  Philosophical  Societu^Ptooeodinga,  Vol.  XXXV.     8vo.     1904. 
Kantas  Unirertity-hihloim,  Vol.  IV.  No.  9.    8vo.     1904. 
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Leightott,  John,  E$q.,  3f.7M.— Journal  of  the  Ex-Libris  Society,  Vol.  XIV.  Nos. 

9-U.    8vo.     IIKH. 
Linnean  Soeieif—JoumBl:    Botany,  VoL  XXXVIL  No.  257;    Zoology,  Vol. 

XXIX.  No.  IIHK     Proceedings,  October  1904.    8vo. 
MasaachweOs  IruHtute  of  TechnOogy— Technology  Qmurterly,  Vol.  XVII.  No.  3. 

8vo.     I5KH. 
Meehanieal  Engineen,  Institution  o/— General  Index  to  Proceedings,  1885-1900. 

8m     IWn. 
Meteorological  O^oe— Wind  Charts  for  the  South  Atlantic  Ocean,     fol.     19<H. 

Beport.  of  the  International  Meteorological  (Domnkittee,  1903.    8vo.     1904. 
Meteorological  Soeiety,  Boj^a/— Quarterly  Journal.  Vol.  XXX.  No.  132,  Oct.  1904. 

8vo. 
Record,  Vol.  XXIV.  No.  93.    8va     19(M. 
Mexico^  Secretaria  de  Comunicadonet — Anales,  Num.  II.    8to.     1904. 
Mexico,  Sociedad  Cieniifira  ^  Antonio  Alzate" — Memorias  y  Reviata.  Tom.  XUL 

Noa.  7-8 ;  Tom.  XIX.  Noe.  8-10 ;  Tom.  XX  Noe.  5-10.    t^vo.     1904. 
NauUj  Commigtioner  of  Mines — Beport  on  the  Mining  Industry  of  Natal  for  11>03. 

4to.     i9(>4. 
Navy  League — Navy  Lca<aic  Journal  for  Nov.  1904.    8vo. 
Netc  South  WaleM,  Agenf'General  for — Rept»rt  of  the  Comptroller  of  Prisons  for 

r.K)3.     4U».     liKM. 
North  of  England  InstittUr  of  Mining  and  Mechanical  Engineers— Aunwd  Report, 

llM»3-4.     8vo.     VMH. 
Odontological  .SociXy- Transactions,  Vol.  XXXVIL  No.  1.    8vo.     1904. 
(rHalloran,  Q.  F.,  Eiij.— Report  on  Canadian  Archives,  11K)3.    8vo.     1904. 
<hme$.  Dr.  H.    KamerUngh,  Hon.  Mem.  R.I.  (the  Author) — Het   Nnturkundig 

Lftboratoriuin  te  Leiden,  1882-1904.    8vo.     1904. 
Peru,  Cuerpo  de  Ingenieros  de  3ftna«— Bolctin,  Nos.  1 1  and  13.     8vo.     IIMH. 
Pharmaeeutuxil  Society  of  Great  Britain — Journal  for  Nov.  IIKH.     8vo. 
Physical  Society  of  Lomion— Proceedings,  Vol.  XIX.  Part  3.     8vo.     IIMH. 
Quekttt  Microscopical  Club — Journal  for  Nov.  IfHH.    8vo. 

JtomCy  Ministry  of  Public  Work^ — Giomale  del  Genio  Civile  for  April,  liH>4.  Svo. 
Boss,  Hugh  .Vu/iro,  Eh'/.,  B.A.  M.R.I,  {the  v4tt/*or)— British  Railways.  Svo.  1904. 
Royal  Society  of  /.owdon— Philosophical  Tninsnctions,  A.  375-37r.,B.  234-2^.    Ito. 

1904. 
Proceedings.  No.s.  ."iOO-oOl.     8vo.     11M>4. 
Obituary  Notices  of  Fellows,  Part  I.     Svo.      11K>4. 
Selbome  Society— "Sature  Notes  for  Dec.  19(>4.     Svo. 
Smith,  B.  Leigh,  Esq.,  M.li.I. — The  Scottish  Geographical  Magazine,  Vol.  XX. 

Xo.  VI.    Svo.     i;»n4. 
SmitJiHonian    Institution — Contributions    to    Knowledge,    Vol.    XXXIII.   Vol. 

XXXIV.  No.  14:{S.     4to.     1904. 
Soiriety  of  Arts — Journal  for  Nov.  1904.     Svo. 
Sweden,  Royal  Academy  of  Sciences— Arkiv  for  Botunik,  Band  III.  Uafte  I-:!. 

Svo.     1904 
Tacchini,  Prof.  P.,  Hon.  Mem.  R.I.  (the  Autltor) — Memorio  della  Sociefci  degli 

Spettroscopisti  Italiani,  Vol.  XXXIIL  Disp.  9.     4to.     1904. 
Transvaal  Department  of  Agriculture — Journal,  Vol.  IL  No.  9.     8vo.     I  '.»<>4.1 
United  Service  Institution,  Royal— Journs.\  for  Nov.  1904.     8vr». 
United  States  Department  of  Agriculture — Monthly  Weather  Review  for  August, 

1904.     4to 
United  States  GeiAoqical  ^'wrr^y— Bulletins,  Nos.  233-241.     Svo.     1904. 
Profissional  Papers,  Nos.  24-27.     4to.     1904. 
Water  Supply  Papers,  N..s.  9G-98,  101,  102,  lOL     Svo.     1904. 
United  States  Patent  0^>c— Orticial  Gazette,  Vol.  CXHI.  Nos.  1-4.     Svc.    19<4. 

Annual  heport  for  J 90:;.     Sv(..     1904. 
Verein  zur  BefSrderung  des  Geirerbfleisses  in  Preussen — Verhandlungren.  1004, 

Heft  8-9.     4to. 
Vienna,  Imperial  Geological  /»w/i<ute— Jahrbuch,  1904,  Heft  I.     Svo. 
IVfistern  So'iety  of  Engineers— ^^o\\rn\i\,  Vol.  IX.  No.  5.    Svo.     1904. 
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WEEKLY   EVENING   MEETTNG, 

Pridtty,  March  i'5,  I9fi4. 

8iit  Jakbb  Chichtok-Bbowxe,  M.D.  LL,D*  F.R.S.,  Treagiiixr 
and  Vice-Prt»sident,  in  the  Chrtif. 

Pbofbbsoh  8m  .lAiras  Dkwah,  M.A.  LL.D.  D.Str.  F.H.8.  ,¥.-/?,/. 


Liquid  ffi/tirttffm  Gahmtmtrif, 

In  the  determination  of  quantities  of  heat,  besides  the  **  methcxl  of 
inixtureB/'  the  various  ailori meters  that  have  been  used  depend 
oil  liquefaction,  evaporation,  ur  eondensiitiou.  One  of  the  oarliefit, 
that  of  LjipliKKJ  and  LuvoiRier— u  dt-velopment  i>f  Black's  method— 
-depended  on  the  liquefaction  of  ie-e,  wire  l)cing  titken  to  isolate  the 
ice  which  wuii  the  calorimetric  subetanoe  from  uny  external  heat 
effects,  by  means  of  a  jacket  of  snow.  In  the  middle  of  htft 
century  Bunsen  devised  im  exceedingly  delicate  instniment  in  which 
\ix  was  ugiiin  the  adorimetric  anbsUuoe ;  but  instead  of  foUowintj 
Irfiplaee  and  Ijavoii^ier's  plan  of  meaauring  the  weight  of  ice  melted, 
he  took  advantage  of  the  reihiction  in  volume  of  melted  ice— Tiamely, 
about  one-eleventh  part — to  determine  with  ^at  accumey  the 
quantity  of  heat  that  had  l>een  employed.  As  a  unit  of  heat  wilt 
melt  jj  grumme  of  ice,  this  will  protluce  a  change  of  volume  of 
aliout  ^l^  ctibic  centimetre  ;  and  if  the  index  tube  of  the  inFttniment 
l>e  half  H  millimetre  in  diameter,  the  unit  of  heat  will  Ixi  shown  by 
about  G  or  7  millimetres  on  the  sctde.  With  such  an  ingtniment  it  ia 
therefore  possible  to  determine  very  accurately  one-tenth  of  a 
gramme-adorie. 

Profei^sor  Joly^n  calorimeter  dependa  on  eondenssation.  In  it  the 
fjuantity  of  steam  condensed  on  the  body,  which  is  the  subject  of 
experiment,  is  ascertained  by  wei,[:hing  the  amount  of  water  formed. 
The  body  is  contained  in  a  chamlter  of  relatively  large  volume  into 
which  the  st^m  ia  suddenly  admitted.  It  will  be  noticed,  therefore, 
that  the  uncoudensed  steam  In  the  chamber  acts  as  a  jacket  to  the 
body  and  prevents  the  passage  of  hcJit  between  it  and  extenial  bodieij ; 
in  thiB  manner  it  is  isolated  from  disturbing  aiusea.  In  Professor 
Joly^  hands,  this  instrument  has  been  used  to  determine  directly  the 
lipeoific  heat  of  guaes  ut  constant  volume. 

Othei'  methods  have  been  adopted  for  the  measurement  of  quau- 
tilies  of  heitt.  Black  compared  the  quantities  of  heat  in  two  bodies 
of  equal  niassea  and  tempemtnres,  by  noting  the  timeft  in  which  they 
cooled  to  the  same  temperature.     Eegnault  and  others  have  used  th« 
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luetkixi  of  iiiLxtiii*e,  in  which  a.  given  quuiitity  of  the  su  beta  ace  to  U- 
eiperimenDetl  on  ub  a  higher  fcemperatnre,  is  mixed  with  a  ^iveu 
quantity  of  a  known  llnid  substance  at  a  lower  temperature ;  from  the 
rtnal  temperjitnre  acquired  by  the  two,  thw  quantity  of  heat  given  up 
by  the  former  can  be  determined.  In  this  method* the  main  difficolty 
is  the  ii^olfttion  uf  the  mixture  from  external  heating  or  cooling 
influenct.*s  during  the  esperimentt  and  its  success  in  the  hands  of 
RegTiault  was  due  to  the  skill  witli  which  he  aGoompIished  this. 

Evaporation  is  a  means  of  absorbing  heat  %  no  evaporation  can 
take  plac-e  without  absorption  of  heat,  and  usually  this  alxsorption  is 
relatively  i^reat*  The  well  known  experiment  of  the  freezing  of 
water  by  its  own  evaporation  by  the  methods  of  Leslie  and  Wolfciatoii 
lire  illufitmtive  of  the  use  of  the  latent  heat  of  evaporation  to  produce 
lower  tempcmtnres.  Fnrther,  by  a  law  of  Dalton,  evaporation  takea 
place  most  copiouBly  inLo  a  sptice  which  is  kept  free  from  vapour  of 
the  aame  kind  ai4  that  coming  off. 

It  has  long  been  known  that  by  the  passage  of  air  through  voktile 
liquids  a  considerable  reduction  of  temperature  may  be  effected 
depending  on  the  particnhir  snbstanoe  selected^  the  isoktion  of  the 
liquid  from  external  heat,  and  the  Mm  of  air  at  the  low  temperature 
reached  in  etich  caac\  The  following  table  gives  the  general  results  of 
the  temperatures  recoided  by  different  experimenten*  when  ether,  »al- 
pbuTuns  acid,  methyl  chloride,  ammonia,  and  ethylene,  were  eraployeiJ, 




Tump.  i\  on 
Ivfcpomtittm. 

Pojat. 

in  t«rm«  t4 

Oitittl 
Tcnp««ture 

-84' 

Bther      .         ,         .         * 

+  35° 

IM** 

'M 

Sulphurous  acid 

-60^ 

-lo-^ 

IBSP 

'« 

Methyl  ChloridQ      . 

"55* 

-  ai*' 

141^ 

-S3 

Amuaonia         .         ,         « 

^87'' 

-  39^ 

lao** 

*4€ 

>!thyieinj          .         .         ^ 

-  isa^^ 

-  ioa<* 

UF 

-m 

Uqnid  Nitrogen  with  Hy- 
dfOflen  pflSHfld   through 
instead  of  Air  m  above  « 

'        -  2ir 

-196* 

-  146° 

"M 

It  ifl  intereatint;  to  notice  that  the  limit  of  temperature  readied 
by  this  means  ir  in  each  case  about  half  the  abeolnte  critical  temperu' 
ture.  Thus  for  ethylene  the  absolute  temperature  of  evaporation  i* 
27^t*  —  V6'2!^,  or  ui^  and  its  absolute  critical  temperature  m  «7a* 
+  10%  or  'I^^"^^  giving  the  ratio  '50.  Now  if  this  approjdnuU' 
relation  holds  good  for  a  substance  like  liquid  nitrogen,  then  w^ 
fihonld  anticipate  that  by  passinj^  u  current  of  a  j^as  through  it  like 
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hydrogen,  which  at  the  t-empeniturc  of 
boiling  nitrogen  is  still  a  permanent  gas, 
we  ■  should  reach  a  tempeiafenre  of  —  214* ; 
and  ae  this  value  would  be  just  about  the 
melting  point,  the  nitrogen  ought  con- 
^nently  to  become  solid. 

The  freezing  of  nitrogen  by  cvapom- 
tion  in  a  cnrreufc  of  hydrogen  at  utmo- 
Hpheric  pressure  is  carried  out  in  the  fol- 
lowing way.  Within  a  vacuum  vessel  A  A^ 
kept  full  of  liquid  air  (Fig.  1),  is  inserted 
another  vacuum  vessel  B  B,  which  is  held 
in  its  position  by  means  of  a  cork  C.  About 
the  middle  of  B  B  is  fixed  another  cork  I>, 
which  gives  support  to  a  tube  E,  allowing 
free  passage  between  the  lower  piirt  of  B  B 
and  the  atmosphere.  F  F  F  is  a  small  tube 
coiled  round  the  tube  E  aa  far  down  as  the 
cork  D»iind  below  that  continued  as  a  coil 
in  the  lower  part  of  B  B,  and  ending  in  a 
nozzle  at  G.  In  the  bottom  of  B  B  in  phieed 
a  quantity  of  liquid  nitrogen  N.  The  ei- 
periment  is  conducted  by  passing  pure 
hydrogen  through  tht*  tulic  F,  thereby  cool- 
ing it  to  the  boiling  point  of  liquid  air,  and, 
tinally,  by  means  of  the  nozzle  (i  through 
the  liquid  nitrogen.  As  the  hydrogen 
paBsea  down  the  ipiral  jmrt  of  the  tube  F  it 
IS  cooled  to  the  temperature  of  the  gaseous 
tiitrogen  rising  from  X*  and  bubbles 
ihroQgli  N  at  the  temperature  of  the 
Uqald  nitrogen.  These  hydrogen  bubbles 
are  Urns  in  the  best  condition,  according 
to  Daiton's  law,  to  indace  evaporation  of 
the  liquid  nitrogen,  without  conveying 
unnecessary  heat,  and  rapidly  cause  its 
temperature  to  fall.  After  a  short  time 
the  nydrogen  bubbles  begin  to  move  slug- 
guihly  in  the  cooling  liquid  nitrogen,  and 
soon  afterwardja  the  nitrogen  lieoomea 
aolidified  by  its  own  evaporation.  The 
appearance  of  the  solid  nitrogen  as  it  Is 
first  formed  is  very  extraordinary,  ae  it 
de|>osit8  in  long  spiral  tubes  through 
which  the  hydrogen  for  ii  time  escapes. 
As  we  now  know  that  hctiam  is  as  mudi 
moK*  volatile  a  gas  than  hydrogeu  m  the 
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latter  is  than  nitrogen,  we  may  safely  predict  that  if  a  current  of 
helium  were  similarly  directed  through  liquid  hydrogen,  tibe  latter 
would  be  reduced  in  temperature  until  it  would  freeze,  seeing  that 
the  melting  point  of  hydrogen  is  just  about  half  its  critical  tem- 
perature. 

An  evaporation  calorimeter,  where  the  calorimetric  substance  is 
one  of  the  liquefied  gases,  would  be  a  convenient  instrument  provided 
it  could  be  easily  constructed  and  was  reliable  in  its  working.  The 
efficiency  of  such  an  instrument  depends  (1)  on  the  relatively  large 
quantity  of  gas  given  by  evaporation,  and  (2)  on  the  great  range  of 
temperature  easily  available  when  liquid  air,  oxygen,  nitrogen,  or 
hydrogen  is  the  calorimetric  substance. 

The  following  table  gives  the  special  physical  constants  of  the 
various  liquid  gases  that  are  of  importance  in  calorimetry.  That 
calorimetric  substance  will  be  the  more  sensitive  which   gives  off 

\  ]  ^ 

I    Liquid  volume  i-t^„fh«Hit    I      Volume  of  gas  at 

TWnn.l.r..«..^  «*»*»»«       I     IflTammoat  if^filf^'       OP  and  780  mm. 

LUiui.l  ^M^es.  j^,„^  iM,iiinffp<,iiit  ^'IKST^    '    iier  grarome^alorie 

iiice.  caioneg.       ;  in  cubic  centimetre*. 


Sulphurous  acid  .  +    10' -0          0-7  97*0  3*6 

Carbonic  acid    .  ,  -    78^-0          0*65  (solid)  '  142*4  3-6 

Ethylene  .         .  -  103^0          1-7        „      '  119*0  7*0 

Oxygen      .         .  ~  182'^-6  ;      0*9        „       i  53*0  13*2 

Nitrogen  .         .  |  -  195°*G  ,      1*3        „  50*0  15*9 

Hydrogen.         .  |  -  252°-5  i     14*3        „       I  125*0  88-9 

the  ljir«j:er  volume  of  gas  for  a  given  quantity  of  heat.  Thus  oxygen 
i^ives  Vi)"l  c.c.  per  calorie,  while  ethylene  gives  7,  hydrogen  88*9  ; 
lience  oxygen  is  twice  as  sensitive  as  ethylene,  and  hydrogen  six  times 
4is  sensitive  as  oxygen.  It  is  easy  to  detect  a  -^  gramme  calorie 
when  liquid  air  is  used,  and  as  small  a  quantity  as  ^^  ain  be 
observed  with  liquid  hydrogen. 

In  selecting  the  calorimetric  substance  of  a  liquid  gas  calorimeter, 
hydrogen,  as  giving  the  greatest  range  of  temperature  and  sensibility, 
would  be  the  best ;  next  to  it  would  come  nitrogen,  then  air,  and 
lastly  oxygen.  But  we  must  remember  that  we  are  enveloped  in  an 
atmosphere  of  air,  and  have  to  consider  its  effect.  Passing  over 
hydrogen  for  the  present,  let  us  examine  the  advantages  and  dis- 
advantages of  the  other  three  gases.  As  the  boiling  point  of  air  is 
below  that  of  oxygen,  even  if  there  were  no  layer  of  cool  oxygen  gas 
on  the  surface  of  the  liquid  oxygen,  the  air  coming  in  contact  with  it 
through  the  neck  of  the  calorimeter  would  still  remain  gaseous.  But 
if  we  were  to  take  liquid  nitrogen  as  the  calorimetric  substance,  air, 
being  heavier  than  nitrogen  but  having  a  higher  boiling  point,  would, 
in  falling  down  the  neck  of  the  calorimeter,  come  in  contact  with  the 
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cool  gaseous  nitrogen  and  be  condensed.  Hence  nitrogen  would  not 
be  a  convenient  calorimetric  substance.  In  any  case,  the  boiling 
points  of  nitrogen,  air,  and  oxygen  being  so  close  together,  it  is 
obvious  that  liquid  air  is  the  most  convenient  substance  in  the 
neighbourhood  of  -180"  to  -200°  C. 

The  calorimeter  has  been  described  in  my  paper  "On  the 
Scientific  Uses  of  Liquid  Air,"*  and  later  an  improved  form  in 
"  Recherches  sur  les  Substances  Radio- Actives,"  by  Madame  Curie,'»t 
further  a  sketch  of  it  is  given  in  the  paper  on  "  The  Absorption 
and  Thermal  Evolution  of  Gases  occluded  in  Charcoal  at  Low 
Temperatures."  %    The  annexed  diagram  shows  its  construction.     It 


consists  essentially  of  a  large  vacuum  vessel  A,  capable  of  holding 
two  or  three  litres,  into  which  is  inserted  the  calorimeter,  a  smaller 
vacuum  vessel  B,  of  25  to  50  c.c.  capacity,  which  has  been  sealed  on 
to  a  long  narrow  tube  G,  projecting  above  the  mouth  of  A,  and  held 
in  its  place  by  some  loosely  packed  cotton  wool.  From  the  side  of 
this  narrow  tube,  either  before  or  after  passing  out  of  A,  a  branch 
tube,  B,  is  taken  off  to  enable  the  volatilised  gas  from  the  calorimeter 
to  l»  collected  in  the  receiver  F,  over  water,  oil,  or  other  suitable 
liquid.  To  the  extremity  of  the  projecting  tube  G,  a  small  test-tube 
0,  to  contain  the  portions  of  material  experimented  on,  is  attached  by 
a  piece  of  flexible  rubber-tubing  D,  thus  forming  a  movable  joint, 

♦  Rov.  Inst.  Proo.  1894,  vol.  xiv.,  p.  898. 

t  2nd  Edition,  p.  100. 

X  Boy.  Soc.  Proo.  1904,  voL  body.,  p.  128. 
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which  c;iii  \}Q  h^ui  bo  sb  to  tilt  a  few  of  the  small  pitTi'S  of  ^hetanei> 
-contttinod  in  C  into  the  calorimeter,  and  which  afterwards  [issnmes  a 
position  of  rest  somc^what  like  that  In  the  diagram. 

With  care  one  can  manage  io  tilt  a  single  piece  at  a  time  from  V 
into  B,  hot  an  improved  form  of  this  rcoeptaele  is  shown  at  CD'. 
In  it,  P  IB  a  wire  movable  through  the  cork  Q,  fitted  into  the  mouth 
<ii  the  fccst-tnbe  C,  attached  by  a  branch  through  the  stiff  rubber 
tube  D'  to  the  end  of  CJ,  as  before.  At  the  end  of  the  wire  P  is  a 
hook,  by  which  one  piece  of  the  Bubetance  at  a  time  can  be  pulM  iij> 
and  dropped  into  B'.  When  no  other  arranj^ements  are  made,  the 
portions  of  matter  experimented  on  are  at  the  temperature  of  the 
room  ;  but  when  lower  temperatures  are  required  initially,  a  vacuum 
vessel  H  containing  either  soh'd  carbonic  acid,  liquid  ethylene,  air,  or 
other  gas,  oin  be  placed  so  at*  to  envelop  the  test-tnbe  C  or  C  ;  or  if 
higher  temperatures  are  required,  the  surrounding  vessel  may  be  filled 
with  the  vapour  of  water  or  other  liquids. 

Much  study  and  handling  of  the  instrument  have  brought  out  the 
following  matters  as  essential  to  high  efficiency.  I  have  already 
pointed  out  that  in  the  neighbourhood  of  — 180**  C.  to  —  200*C.  liquid 
air  is  the  preferable  substance  to  use,  while  liquid  hydrogen  euablei^ 
observations  to  l^c  made  iis  low  as  —  250**  C.  The  value  of  fchf 
vacuum  of  the  Ciilorimeter  it]8elf  is  much  enhanced  by  making  it  a 
mercury  vacuum  ;  and  further  by  having,  previous  to  use,  a  good 
mercury  deposit  over  its  surface.  This  is  attained  by  |>utting  some 
liquid  air  into  the  calorimeter  B  and  leaving  it  to  stand  for  some 
time.  When  a  quantity  of  liquid  air  has  been  undergoing  voladlifia- 
tion  for  a  time,  as  the  nitrogen  evaporates  more  quickly  than  tht: 
oxygen,  the  boiling  point  rises  slightly.  Two  points  require  attention 
in  confiequence  of  this  ;  lirst,  the  maintenance  of  a  constant  teropera- 
ture  of  tne  liquid  air  during  any  one  series  of  experiments  ;  next,  thtz 
prevention  of  a  tendency  for  the  calormieter  B  to  **  suck  l:*ack  "  some 
of  the  already  volatilised  gas.  Hence  tie  exterior  vessel  A  should  h.- 
hUed  with  a  large  quantity — some  two  litres — of  old  liquid  air,  con- 
taining a  high  percentage  of  oxygen,  and  the  calorimeter  itself  ahonld 
be  filled  with  some  of  the  sam&  fluid.  This  will  maintain  very  closely 
the  constant  terojierature  required.  When  any  "sucking  back" 
seems  to  be  t*iking  place,  the  calorimeter  should  be  emptied  and  filled 
anew  from  the  larger  flask  A.  The  tube  between  the  taitorimeter  mid 
the  gas  receiver  should  be  of  the  size  of  wide  quill  tubing,  and  ilfi 
lower  end  should  be  so  arranged  below  the  surface  of  the  liquid  m 
the  collecting  vessel,  as  to  give  no  resultant  pressure.  With  snch 
precautions,  results  may  easily  l>e  obtained  correct  to  within 
t  per  cent. 

The  instrument  having  been  set  up  and  filled  with  linuid  air, 
jiccording  to  the  above  directions  and  precautions,  an  experiment  is 
conducted  by  tilting  up  the  little  test-tube,  previously  cooled  or 
h^ted,  thereby  dropping  into  the  cidorimcter  a  portion  of  any  sub* 


I 


< 


imi.} 
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Htano&   prtjvioufllj   weighed.     The  aubstancCf  if  left  under  uomml 
coiidi^n«^.  m  tliis  way  falls  from  tbe  fcemperHtiire  of  the  room  to  that 


of  liqnid  air.    TIk^  beat  given  up  Ky  ft  to  the  liquid  air  vdlatiliieB 
some  of  it,  which  is  cjirried  off  hv  thi'  bmnch  tnln*  imd  meaanred  in 
Vol.  XVII.    (No.  \m,\        '  l'  k 
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the  graduated  receiver  F.  Immediately  preceding  or  following  this 
observation,  a  similar  experiment  is  made  with  a  small  portion  of  a 
selected  standard  substance,  namely,  lead.  The  quantity  of  lead  is  so 
chosen  as  to  produce  about  the  same  volume  of  gas  in  the  receiver  as 
that  supplied  by  the  portion  of  substance  experimented  on.  By  this 
means,  the  circumstances  of  the  two  observations  are  made  as  similar 
as  possible,  and  thereby  many  sources  of  eiTor  are  eliminated. 

When  the  hydrogen  calorimeter  is  to  be  used,  the  temperature 
being  so  much  lower  than  in  the  liquid-air  cal  jrimeter,  we  have  to 
keep  the  ordinary  atmosphere  from  entering  the  mouth  of  the  tube 
O  by  means  of  a  current  of  hydrogen.  This  is  attained  in  the  man- 
ner shown  in  Fig.  ;^,  An  ordinary  Kipp  apparatus  A  supplies  hydro- 
gen which,  after  being  dried  in  the  U-tube  B,  is  allowed  to  pass  by 
the  stop-cock  C  to  the  calorimeter  1)  and  tube  E.  The  hydrogen 
passes  continually  through  the  apparatus  until  the  moment  of  begin- 
ning an  experiment,  when  the  stopcock  C  is  turned  and  the  hydrogen 
cut  off. 

In  Fig.  4  are  shown  various  fonns  of  calorimeters  which  were 
exjKTimented  with  in  determining  the  best  form  for  the  calorimeter 
bulb.  The  final  form  adopted  was  that  shown  in  D,  Fig.  4.  Stray 
globules  of  the  liquid  hydrogen  might  splash  up  on  dropping  the 
suljstances  to  be  experimented  on  into  the  calorimeter,  and  get 
carried  over  into  the  gas  receiver,  but  this  cause  of  error  was  found 
to  l)e  negligible,  provided  the  ciilorinieter  was  large  enough. 

When  the  body  has  to  be  transferred  from  solid  carbonic  iicid  or 
liquid  iiir  to  the  cjilorinieter,  the  following  i)rocedure  is  adopted.  It 
is  placed  in  the  small  test  tube,  above  the  indianibber  joint,  which  is 
inserted  into  a  small  vacuum  vessel  containing  some  of  the  substance 
(solid  ctirbonic  acid  or  liquid  air),  so  that  at  the  moment  of  making 
the  experiment  the  solid,  by  a  quick  vertical  movement  of  the  vacuum 
vessel,  is  thrown  into  the  calorimeter.  A  little  cotton  wool  inserted 
in  the  mouth  of  the  vacuum  vessel  prevents  tlie  airbonic  acid  pa.ste, 
or  liquid  air,  from  lxM*ng  ejected. 

Observations  were  made  to  deteiinine  what  allowance  had  to  Ik? 
made  for  loss  of  heat  while  the  small  body  was  falling  down  the 
tul)e  H  ;  also  for  similar  losses  by  impacts  on  the  sides  of  the  india- 
rubber  joint  and  of  the  glass  tube.  The  substances  used  were  lead, 
diamond,  and  graphite,  and  as  the  errors  in  any  case  did  not  exwed 
one-half  to  two- thirds  per  cent.,  tliey  may  in  general  be  neglected. 

The  calorimeter  may  be  put  to  various  uses.  Thus,  on  jkiss- 
ing  down  the  tube  of  the  calorimeter  wires  of  copper,  iron,  and 
germau-silver,  and  noting  the  different  rates  at  which  the  gas  is 
evolved,  we  see  that  it  is  about  six  times  more  rapid  with  copper  than 
with  iron,  and  nine  times  more  rapid  than  with  german-silver, 
while  with  small  rods  of  glass  or  ebonite  no  gas  is  produced  in  a 
short  period  of  time.  Again,  we  may  measure  the  heat  given  up  by 
<X)ndensatioii.     Thus,  if  a  small  bulb  containing  some  airbonic  acid 
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be  inserted  into  the  calorimeter,  immediately  a  rapid  evolution  of 
gas  takes  place,  until  at  last  the  carbonic  acid  is  frozen,  and  lUfter  a 
little  time  the  evolution 'ceases.    The  volume  of  gas  produced  from 


the  same  bulb  exhausted  is  naturaUy  very  much  less.  But  we  may 
use  the  instrument  for  quite  different  purposes.  Thus,  in  a  small 
bulb' is  placed  a  mixture  of  hydrogen  and  oxygen  in  the  propotions 

2  E  2 


592  Professor  Sir  James  Dewar  [Ma.Tchi9, 

about  60"  C,  and  for 'graphite  about  0°C.  But  for  this  disooveiy, 
the  trend  of  the  curve,  as  shown  in  the  diagram,  Fig.  5,  would  hare 
pointed  to  the  vanishing  of  the  specific  heat  of  carbon  about  —  90"  C, 
a  result  which  could  not  be  accepted  as  final.  The  investigations 
carried  out  recently,*  have  cleared  up  this  point,  and  verified  the 
existence  of  the  points  of  inflection.  The  following  table  sum- 
marises my  observations  on  the  specific  heats  of  diamond,  graphite, 
and  ice : — 


Diamond    .         .         .  0*0794  00190  \  0*0043 

Graphite     .         .         .  0*1341  0*0599  I  00133 

Ice     ...         .  0-463*  0-285  [  0146 

♦  Thlfl  is  from  -  18°  to  -  78P  in  the  ice  experiment. 

These  results  for  diamond  and  graphite  accord  well  with  those  of 
Professor  Weber  over  common  ground.  He  gives  0*0806  for  the 
diamond  between  21j°  and  —80°,  and  0*1301  for  graphite  over  the 
same  rdn»»e. 

The  second  curve  in  the  diagram,  Fig.  C,  shows  the  sequence  be- 
tween Professor  Weber's  results  and  my  continuation  to  low  tempera- 
tures, and  demonstrates  the  reversal  of  the  curvature  of  the  curve  at 
low  temperatures.     Similar  results  were  got  for  carbon. 

The  results  for  ice  follow  much  the  same  order  of  change.  A 
reference  to  the  table  above  shows  that  the  mean  specific  heat  of  ice 
falls  from  0 -46:5 at  -46^  to  0*285at  -l;J:}^  andO'UOat  -l>20°C.; 
that  i8,  in  the  lowest  range  of  temperature  between  the  boiling  points 
of  oxygen  and  hydrogen,  it  is  only  one-third  of  its  value  between 
—  1 8**  and  the  temperature  of  boiling  carbonic  acid. 

It  would  be  a  matter  of  interest  to  investigate  the  general 
behaviour  of  various  gioups  of  substances,  as  regards  their  specific 
heats  at  low  temperatures.  Without  having  attempted  any  careful 
systematic  investigation,  the  following  observations  extracted  from 
laboratory  r(.KX)rds  are  fairly  representative  of  some  classes  of 
bodies.  In  the  table  the  specific  heats  of  two  alloys  are  given, 
which  were  used  in  the  coiu^e  of  the  investigation ;  also  those  of 
sulphur,  selenium,  and  tellurium.  Two  alums,  on  which  Kopp  had 
made  some  obser\'ations,  were  included  in  the  research,  together 
with  three  other  typical  salts.  Again,  naphthaline  and  paraffin  were 
a  ynh,  whose  specific  heats  were  examined ;  also  the  chloride, 
bromide,  and  iodide  of  silver.  The  results  for  the  solidified  gases, 
carbonic  acid,  ammonia,  sulphurous  acid,  were  of  obvious  interest. 


*  Proc.  Rov.  Soc,  1905. 
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Km. 
Of 

oIh>. 

siiiwtmice. 

1  SIJK 

'  ncfHinineM. 

1 

Range  of 
Temperature. 

Vol.  of  Gas 

in 
culiic  centi- 
metres. 

Specific 
Heat 

1 

Gennau  silver 

1 

0-22 

'  _ 

18      to  -188 

48 

0-OBO 

1 

Brass     . 

1     0G27 

+ 

19-5 

-188 

166 

0-099 

1 

»>         •         •         • 

;     0-244 

- 

188 

-252-5 

66(H) 

0-04S 

2 

Tellurium 

,     0-G45 

+ 

18-2 

-188 

99-5 

0047 

2 

Sulphur 

0-289 

■f 

18-2 

-188 

131 

0187 

2 

Selenium 

;    0-363 

'  + 

18-2 

-188 

80 

0-068 

2 

Pota^-sium  alum     . 

0-180 

+ 

18-8 

-188 

152-5 

0-256 

2 

,,              ,, 

0-376 

— 

78 

-188 

130 

0-228 

2 

CbroiJiium  alum 

0-20 

+ 

20 

-188 

162 

0-243 

2 

,,               ,,        . 

,     0-392 

— 

78 

-188 

185 

0-222 

1 

Cal.'ium  cblorido  (hydrat 

o)'     0-184 

+ 

20 

-188 

180 

0-294 

1 

,,              „ 

0-336 

- 

78 

-188 

141 

0-271 

3 

S<jdiuiii  chloride     . 

1     0-105 

+ 

16 

-188 

55-2 

0187 

2 

?>              t»          • 

1     0-253 

,— 

78 

-188 

66-5 

0-164 

3 

Aininonium  chloride 

I    0-054 

+ 

16 

-188 

46-8 

0-800 

2 

.,                ,, 

.  j     0130 

!_ 

78 

-188 

42-5 

0-207 

2 

Naphthaline  . 

I     0-55 

1  + 

16 

-188 

31-5 

0-202 

2 

>«            • 

0-105 

:  + 

16 

-188 

67-25 

0-194 

1 

f»            • 

0-090 

'  + 

15 

-188 

50-5 

0-204 

2 

»» 

i     0-208 

1 

78 

-188 

40-6 

0-126 

1 

Farattiii 

;    0-Ofi 

! 

,4- 

15 

-188 

68-5 

0-312 

1 

n 

i    0-105 

i  — 

78 

-188 

38-5 

0176 

1 

Silver  iodide  . 

.    0-907 

i  + 

16 

-188 

44-5 

0-062 

2 

1    0-196 

;  + 

16 

-188 

36-6 

0-064 

2 

,y      chloride 

0-215 

> 

16 

-188 

49-76 

0-082 

f> 

Solid  rarbonic  acid 

1    0-164 

'  — 

78 

-188 

571 

0-216 

1 

»l       ■    ■              »»                      M 

>  1     0-15 

— 

78 

-182-5 

50 

0-226 

1 

11                             M                        If 

0190 

— 

78 

-182-5 

62 

0-228 

2 

Solid  ammonia 

014 

~ 

103 

-188 

72-25 

0-519 

2 

»»            »»              • 

0*156 

— 

103 

-188 

77-5 

0-490 

3 

Solid  rtulphurous  aoid 

0-325 

'  — 

103 

-188     \ 

76-2 

0-228 

3 

T»                            •»                                     « 

0-311 

— 

103 

-182-5 

57-3 

0-286 

2 
_ 

Ooylon  thoria  mineral 

1     0-500 

+ 

15 

-188     • 

1 

70-6 

0044 

mi 
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and  several  observations  on  them  are  j,'iven.  With  regard  to  these 
bodi<s,  it  may  be  noted  that  the  vdues  found  iire  not  far  rcmove*i 
from  those  of  the  specific  heats  at  oonstant  vohime  in  the  gaseous 
state,  und  I  have  no  doubt  that  if  the  ei  peri  men  ta  had  been 
extended  to  fcemperatnrea  between  that  of  liquid  air  and  bydrotren 
these  results  would  all  have  been  below  the  gas  constant-  The  other 
bodies  examined  all  show  diminution  of  spec! tie  heat  at  the  lower 
temperatures,  the  moat  marked  examples  l>eln^jf  the  hydrocarbon?, 
piiraffin  and  naphthiiUne. 

Wbile  the  experiments  on  the  «pecific  beats  of  diamond  gmphUu 
and  ice  were  being  carried  on^  the  frequent  determination  of  tht* 
ciuan titles  of  fci*s  evaporated  by  lead  in  the  same  cireumstanoeB  aa  the 
niamond  giuphite  or  ice  under  investigation,  afforded  meai^  for  the 
direct  me^isurement  of  the  latent  heats  of  evaporation  of  hydrogen, 
nitrogen,  air,  and  oxygen.  Lead  had  been  selected  as  the  motal  of 
comparison  for  the  following  reasonfi  : — its  low  specific  heat  enablo<i 
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email  quantitieB  of  h^t  to  be  conveyed  into  the  calorimeter  while 
the  mass  of  the  metal  was  ntlU  considerable ;  further,  tbe  variations 
of  the  Bpecilic  heat  of  lead  with  temperature  are  small,  and  its 
specific  heat  may  hence  be  treated  as  a  linear  function  of  the  tem- 
peratiife  ;  and  lastly^  the  metal  is  easily  obtained  very  pare. 

In  this  manner  the  latent  heiit  of  hydrogei],  whether  detenniitod 
by  dropping  small  pieces  of  It^d  through  a  mnge  of  temperatnre  as 
great  as  270°,  or  through  as  short  a  range  as  64%  was  found  to  be 
about  1^1  to  \tt  "rramme-ailories.  In  my  Bakerian  Lecture/ 
having  assumed  what  at  the  time  appeared  to  be  the  valne  of  the 
latent  heat  of  hydrogen,  namely,  ty\\^  gntrnme-mlories,  and  having  o^>- 
served  experimentally  that  15  per  cent,  of  the  liquid  hati  to  be  quickly 
evaporated  under  ex huiistion  to  reduce  the  temperature  to  the  mdtinj^ 
point  of  hydrogen,  I  deduced  tbe  mean  specific  heat  of  the  liqpid 
between  the  boiling  point  and  the  freezing  point  to  Ije  about  6.  The 
present  investigation  enables  me  to  correct  this  statement,  the  value 
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of  ihe  mean  gpcH^itic  hent  in  questioii  Ijtiin^^  in  n^ttlity  about  :»'4 
ioBtcad  of  i\,  This  uorrecfcion  removes  hjdrn^jeii  fmiii  the  list  of 
substances  which  follow  Dulon^  aod  P^titV  hiw,  its  atomto  heat 
l>eing  oulj  alwiit  half  the  iw|uired  amount.  Tu  fin  mrly  communi- 
aitbn  to  tlie  Iloyal  Society  uf  Fklinbiirgli,*  T  sliuwt^il  that  the  specific 
heat  of  hjdrogeii  absorbeil  by  iJiiUudium  wus  uliout  :I*^^.  It  seems 
therefore  that  hydrogen  in  the  gikseuus,  the  ftetTludcd,  and  the  liquid 
coudition,  has  sulistiiTitiaHy  tht*  ?uiuie  s[>ccitie  heat. 

It  is  of  inbereet  to  sec  what  Knpjxnt.  eaii  Iw  \^oi  for  thf  value  of 
the  latent  heat  of  hydro*(en  liein*:  al>out  l*il  nr  1:2:^.  From  some 
early  observations  of  mine  with  the  heliuin  thermometer  oa  the 
\*apottr  pressure  of  hydrogen  l^elow  the  Itoilinfr  ]M*'\nU  i\  Ftankine 
foiTunla  w^as  obtained^ 

log  p  -  r.*50H»<  -  ■*'*'^'' 

which,  combinctl  with  (-hipt^yron's  ttjuationt  where  account  was  taken 
of  the  difference  of  tlie  specific  vo lunges  of  hydrogen  iti  the  liquid 
and  the  ^faseous  states  at  the  boilin*^  jKiinU  tr**ve  120-;^  as  the  latent 
heat  of  liquid  hydrogen.  Sindlar  treatmen(  of  Travers'  t  smoothed 
resulta  j^mvc  11  a.  Two  Willard  llibliH'  fonnula*  (isdculatcd  from 
K'sultfl  evenly  selected  from  these  actiud  ol}serviitions  gave  1 2:* '4  and 
117-S,  or  a  mean  of  120'**, 

For  nitrogen,  the  value  of  the  latent  heat  wm  found  to  be  about 
50*4  gramme-oalories  at  the  lioiling  pcjirit.  Other  observers  (Fischer 
and  Alt,  Alt,  Shearer)  give  the  values  of  this  quantity  as  4H-U,  iH*7 
(at  71 M  mm.  presaure),  -"):;• -07  (at  im;  mm,  pressure),  and  Ml'K  The 
application  of  a  Rankinefonnnhi  deduced  from  my  own  oljeervatioris, 

log  p  =  vnUWJ  -*  "— , 


I 


4 


gave  4H*0;S  ;    while  the  eame   prticesg  applied   to  obfiervatioaH   of 
Fischer  and  Alt  i^ave  4!l  'do,  and  a  Willard  ftibbs'  fonimk  ^iive  51-4. 

In  the  cafie  of  oxygen  ita  latent  heat  wa^^  found  to  be  51*15 
grammc-eji lories.  Heveral  exjjerinienU'rs  have  fonnd  the  value  of  this 
qtumiity  Ui  ije  as  high  an  5?<'<>,  fitfiJ,  6i  •(),  A  careful  direct  deter- 
mination of  Alt*«  gives  5i-07  (7iri  nnu.)  and  r»H-Hii  ((jH  mm.)^  By 
means  of  Rjinkine  and  Willard  Hibbs'  formuLa%  mlculakHl  from  the 
olrtiervatioiis  of  Obewski,  EMtreichei\  itnd  Travers,  I  have  f<mnd  the 
values  5 1 '  4,  Trl  *  5:L  5:?  *  7h.  ^JI 

These  indirect  methtJcb  of  determining  the  latent  heat  depend  on^^ 
formDlee  of  which  only  the  principal  tcmis  are  retained.    We  ran  not, " 
therefore,  expect  more  than  approiimate  values  from  them,  rto  tliai  it 
18  sufficient  at  present  to  show  that  the  direct  experimental  value* 
found  in   the  above  series  of  observations  sobfltantially  agrtn*  witli 
those  obttiined  by  indirect  and  approximate  calculations, 

*  **Tho  I'hysiciil  Coiifltants  of  Hvdrogvaium/*  TmnK.  Roy.  Soc.  Kd,  18T3, 
t  PbU.  Tmnn.,  190*2,  A.,  vol.  co.  p.  160, 
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lit  passinK,  it  rtmv  l>e  noticed  that  if  the  conBUincy  of  TruutonV 
caiistanfc  is  to  he  aouepUid,  tlit  lateut  heat  of  oxygen  sliould  l>e 
greater  than  that  of  nitrogen — a  result  in  accordance  with  the  above 
?jjlneB. 

Tht'  latent  he^it  of  air  wiJl  dejtend  on  itjs  conBtitution,  teiidiug- 
tiwanls  equality  with  that  of  oxytjen  in  the  Gii*e  of  M  liquid  air, 
whic!j  is  rich  in  oxygen.  In  tin  early  experiment,  I  found  the  btent 
heitt  of  air  ro  be  4 1) '7  ^lumme-caloriefl  ;  in  a  later  one,  it  was  5,H*H. 
1  then  made  d  geriefl  of  experinientfi  in  which  a  succession  of  half- 
ijrammi'S  of  lead,  10  or  1:2  at  a  time,  were  dropped  into  old  liiinid 
air;  from  these  ri:i*6:i  gmmme-calories  were  found.  These  values 
appruaeli  those  of  Fenucr  and  Richtmyer*s,*  fo^ind  hy  an  electrical 
niethoii. 

Dnriiig  the  time  Professor  Curie  lectured  at  the  Royal  Institu- 
tion, some  measures  of  a  preliminary  kind  were  jointly  made  by  us 
of  the  rate  at  which  radium  bi-omide  ^rives  out  energy  at  low  teoi- 
ptn-.itnres.  Thu  quantity  of  nidhmi  bromide  -wm  0*4*2  grm. ;  and 
it  was  used  both  in  a  liquid  oxygen  and  liquid  hydro|£en  calorimeter. 
The  thermal  fvoliitions  are  Ljiven  below  : 


riiu  Evolvod 

per  mlnute> 

5' 5  c.e. 


per  hour, 
31-6}  Cryistftls. 


S4< 


2^0 
2'5 


8*3 
10-3 


liquid  oxygen 
Liquid  hydrogen 
Melting  ice     * 

Liquid  oxygen 
Liquid  oxyg€ti 

Thu  apjiorent  iiRTL^ise  of  heat  evolntfou  at  the  temi^emture  of 
li(|uid  hydrofjfen  was  prolkibly  due  to  tbe  calorimeter  being  too  sinali, 
so  that  hydrogen  spniy  waa  carried  away  with  the  gas,  thus  making 
the  ^tK  volume  too  gi'eat,  and  inferentially  the  heat  evolved. 

1  have  to  acknowledge  the  valtiahlc  aid  I  have  received  from  my 
Chief  Assistant,  Mr.  Robert  Lennox,  F.CB.,  and  that  of  his  col- 
leigue,  Mr.  J.  W.  Heath,  F.C.S. 

[J.  D.] 
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